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D crlption 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an immu- 
noassay apparatus and in particular, to an SPR sensor 
ceil utilizing a phenomenon of surface plasmon reso- 
nance (hereinafter, referred to as SPR) and an immu- 
noassay apparatus using the SPR sensor cell. 

2. Description of the Related Art 

[0002] Conventionally, the immunoassay is generally 
used for detecting a very small quantity of protein. This 
immunoassay utilizes a specific immune reaction 
between an antigen (protein to be detected) and a cor- 
responding antibody (prepared using the antigen) so as 
to determine the antigen concentration in a sample. 
This immunoassay can determine an antigen even in a 
sample having a plurality of antigens without isolating 
the target antigen, unlike a chemical or physical quantity 
determination. 

[0003] Moreover, various types of immunoassay are 
available: 

1) radio immunoassay (RIA) 

2) enzyme immunoassay (EIA) 

3) fluoro immunoassay (FIA) 

[0004] The RIA (radio immunoassay) needs to use an 
isotope and is not widely used recently. Moreover, the 
EIA (enzyme immunoassay) is widely used currently 
because the EIA can easily determine an immune reac- 
tion. Furthermore, the FIA (fluoro immunoassay) can 
determine a quantity with a higher sensitivity and a 
higher accuracy. 

[0005] The EIA method which uses a solid phase for 
determining a quantity of an antibody is called enzyme- 
linked immunosorbent assay (ELISA). There are two 
types of ELISA: 

a) indirect method using an antigen in a solid 
phase; and 

b) antibody catching method using anti-IgG anti- 
body in a solid phase. 

[0006] The ELISA method is used for determining a 
quantity of antibody for a specific causal organism; 
determining a quantity of antibody for an allergen; and 
for screening of a monochronal antibody. 
[0007] For the ELISA, an assay kit includes a micro- 
plate having 96 wells on which an immun reaction is 
d t rmin d. Accordingly, it is possibl to determin 



quantiti s of a multiple samples at once. Recently, vari- 
ous types of the automat d ELISA ar availabl on mar- 
k t. 

[0008] As forth ELISA kit, various chemicals ar pro- 

5 duced by various companies. For example, tPA is an 
enzym which indirectly serves t dissolv fibrin in 
blood associated with a blood clotting and thrombus. 
Moreover, PAI-1 suppresses the tPA and serves to 
make a blood clotting and thrombus. 

10 [0009] On the other hand, the so-called SPR sensor is 
known as a sensor used in an immunoassay apparatus. 
The SPR sensor is sensor utilizing the surface plasmon 
resonance phenomenon as follows. 
[0010] That is, a thin metal film of about 50 nm thick- 

15 ness is deposited onto a bottom of a prism having a high 
refraction factor. Then, a predetermined light is intro- 
duced with an angle greater than a critical angle from 
the prism to the thin metal film. The thin metal film of 50 
nm thickness is semi-transparent. The light incident 

20 from the prism passes through the thin metal film to 
reach a surface of the thin metal film at the opposite 
side of the prism, generating an evanescent field on the 
surface of the thin metal film. 

[0011] By adjusting the light incident angle, the 

25 number of waves of the evanescent field is matched 
with the number of waves of surface plasmon reso- 
nance so as to excite a surface plasmon resonance on 
the thin metal film. In this case, the number of waves of 
the surface plasmon resonance depends on the dielec- 

30 trie ratio of the thin metal film and a refraction factor of a 
sample fixed to be in contact with a surface of the prism 
having the thin metal film. Thus, it is possible to check 
the refraction factor and a dielectric ratio of the sample. 
That is, when the optical system and the sample are 

35 located at opposite positions sandwiching the thin metal 
film, it is easy to constitute a sensor. 
[0012] In connection with the aforementioned princi- 
ple, there has been developed an SPR sensor for an 
immunoassay apparatus using an optical fiber (trade 

40 name: BIACORE Probe produced by the BIACORE 
CO., Ltd.). This SPR sensor using an optical fiber is pro- 
duced as follows. Firstly, a clad is removed from the end 
of the optical fiber and the optical fiber end surface, i.e., 
the core end surface is accurately cut or polished and 

45 this end surface is coated with silver. Moreover, the 
exposed core portion after removing the clad is covered 
with a thin metal film (gold or silver). Furthermore, the 
thin metal film is covered with a dielectric film, onto 
which an antibody used for the immunoassay is fixed. 

so Moreover, at the other end of the optical fiber, a prede- 
termined light source is provided so as to introduce a 
light into the optical fiber. 

[0013] Description will now be directed to the immu- 
noassay technique using the SPR sensor having the 
55 aforementioned configuration. 

[0014] Firstly, the light from the light source is intro- 
duc d into the optical fiber and a light of sp cific wave- 
length xcites a surface plasmon resonance at the nd 
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of the optical fiber. The wav length causing th surface 
plasmon resonance Is changed by th r fraction factor 
between th dielectric film and the antigen. The light of 
the wav length which has caused the surface plasmon 
resonance is attenuated. Thus, the immunoassay can 5 
be perform d by comparing the light wavelength att nu- 
ated most prior to the immune reaction and the light 
wavelength attenuated most after the immune reaction. 
[0015] In addition to the SPR sensor using the optical 
fiber, there has been developed an SPR sensor using a 10 
prism. 

[0016] However, the aforementioned conventional 
sensors have various problems and disadvantages. 
When an SPR sensor is constituted by using an optical 
fiber, it is necessary to cover the optical fiber core end 15 
portion with a thin metal film (for example, Au deposi- 
tion). However, the optical fiber itself is a very small 
component and it is not easy to form a thin metal film 
appropriately. 

[0017] Moreover, when performing an immunoassay 20 
actually, an antibody should be fixed onto the surface of 
the thin metal film. However, the optical fiber core has a 
cylindrical shape and it is not easy to fix the antibody. 
[0018] Moreover, in the immunoassay apparatus 
using a conventional SPR sensor, there is provided only 25 
one SPR sensor having a single optical fiber. This 
brings about various problems. When using the enzyme 
immunoassay (EIA), a number of measurement steps 
are required and a long time is required for the immune 
reaction. That is, a measurement of one sample 30 
requires several hours or several tens of hours, and it is 
impossible to increase the measurement efficiency. 
[0019] Moreover, in the immunoassay apparatus 
using the SPR sensor having an optical fiber, an anti- 
body to be used for an immune reaction is fixed to the 35 
end portion of the optical fiber so that an antigen to be 
assayed in the sample is subjected to a reaction with the 
antibody of the SPR sensor. That is, if a sample con- 
tains a number of antigens to be assayed, the antigens 
should be assayed successively one after another. 40 
Moreover, in the conventional immunoassay apparatus, 
when changing the measurement item, the entire opti- 
cal fiber is should be replaced with another optical fiber. 

SUMMARY OF THE INVENTION 45 

[0020] It is therefore an object of the present invention 
to provide an SPR (surface plasmon resonance) sensor 
cell enabling to easily fix and maintain an antibody. The 
present invention also provides an immunoassay appa- so 
ratus capable of performing an immunoassay quickly. 
[0021] The SPR sensor cell according to the present 
invention comprises: a core transparent for a light; a 
clad covering the core and having a through hole at a 
predetermined position to communicate with the core; 55 
and a predetermined thin metal film formed on an 
expos d surfac of the core corresponding to the 
through hole. 



[0022] When performing an immunoassay, firstly, an 
antibody is fixed via a dielectric film n th thin metal 
film form d on th SPR s nsor cell. Next, light is intro- 
duced into th SPRs nsor cells as to identify a wave* 
length of the light whose intensity is att nuated. After 
this, a the through hoi is filled with a sampl for immu- 
noassay so as to obtain an immune reaction. Again, 
light is introduced into the SPR sensor cell so as to iden- 
tify a wavelength of the light which is attenuated. Here, 
if the wavelength of the attenuation is changed, it can be 
determined that an immune reaction is caused. It 
should be noted that the sample can easily be main- 
tained in a void space defined by the through hole and 
the core. 

[0023] According to another aspect of the present 
invention, the SPR sensor cell comprises: at least two 
cores, each having a surface area serving as an SPR 
sensing portion; a clad to cover the cores; and a through 
hole formed in the clad so as to communicate simulta- 
neously with the SPR sensing portions. 
[0024] In this configuration of the SPR sensor, a sam- 
ple is brought into contact with at least two cores, form- 
ing the SPR sensing portion. The light is introduced into 
each of the cores and comes out of the SPR sensor cell. 
The light is analyzed to determine a wavelength distri- 
bution for each of the cores, thus performing an immu- 
noassay. 

[0025] According to still another aspect of the present 
invention, there is provided an immunoassay apparatus 
comprising: an SPR sensor cell having an SPR sensing 
portion; a light source for emitting light of a predeter- 
mined wavelength band into the SPR sensor cell; and a 
light analyzing means for analyzing light which has 
passed through the SPR sensor cell, wherein the light 
source is constituted by a white LED lamp. 
[0026] This immunoassay apparatus operates as fol- 
lows. Firstly, the white LED lamp emits a light of a pre- 
determined bandwidth, which is introduced into the core 
of the SPR sensor. In the core, the light advances while 
being reflected and causes a surface plasmon reso- 
nance in the SPR sensing portion. Here the wavelength 
causing the surface plasmon resonance differs depend- 
ing on the presence or absence of an immune reaction. 
[0027] The light which has caused the surface plas- 
mon resonance comes out of the core and is introduced 
into the light analyzing means. The light analyzing 
means enables to obtain a wavelength distribution. In 
an actual immunoassay, the wavelength distribution of 
the light of light source is analyzed beforehand, and the 
wavelength distribution is compared to a wavelength 
distribution after the immune reaction. Thus, it is possi- 
ble to identify a wavelength of the light whose intensity 
has been reduced. 

[0028] It should be noted that when the white LED 
lamp is used as the light source, it is possible to reduce 
the size of the immunoassay apparatus and to obtain 
flexibility of arrangement of th SPRs nsor cell and the 
light analyzing m ans. 
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[0029] According to yet another asp ct of the present 
invention, th SPR sensor cell compris s: a cor having 
a rectangular cross s ction for passing light from a pre- 
determin d light source and having an SPR s nsing 
portion on one of th side surfac s f th core; and at 5 
least two dads cov ring the core excluding the SPR 
sensing portion; wherein the side surfaces of the core 
other than the side surface having the SPR sensing por- 
tion and the side surface opposing to the side surface 
having the SPR sensing portion have a low-reflection 
surface where the light reflection is lowered. 
[0030] The SPR sensor cell having the aforemen- 
tioned configuration operates as follows. Firstly, the light 
source emits light of a predetermined bandwidth, which 
is introduced into the core of the SPR sensor. In the 
core, the light advances while being reflected repeat- 
edly, causing a surface plasmon resonance in the SPR 
sensing portion in the SPR sensor cell. Here, the wave- 
length causing the surface plasmon differs, depending 
on the presence or absence of the immune reaction. 
[0031] The light which has caused the surface plas- 
mon resonance comes out of the core. On the other 
hand, the light which has no relation to the surface plas- 
mon resonance and comes to the vicinity of the core 
surface is not reflected by the low-reflection surface. 
Accordingly, only the light portion having a relation to 
the surface piasmon resonance comes out of the core 
to be introduced in to the light analyzing means, where 
a wavelength of the light coming from the core is ana- 
lyzed. In an actual immunoassay, a wavelength distribu- 
tion is determined beforehand, which is then compared 
to the wavelength distribution after an immune reaction, 
so as to identify a wavelength of the light whose inten- 
sity has been reduced. 

[0032] According to yet still another aspect of the 
present invention, there is provided an SPR sensor cell 
comprising: a sheet-shaped core transmitting light from 
a light source, having an SPR sensing portion, and 
sandwiched between a first clad and a second clad 
which has a through hole at a position corresponding to 
the SPR sensing portion. 

[0033] The immunoassay apparatus using the afore- 
mentioned SPR sensor cell operates as follows. Firstly, 
the light source emits a predetermined wavelength 
band , which is introduced into the core of the SPR sen- 
sor cell. In the core, the light advances while being 
reflected repeatedly and causes a surface plasmon res- 
onance in the SPR sensor cell. Here, the wavelength 
causing the surface plasmon resonance varies depend- 
ing on the presence or absence of an immune reaction. 
[0034] The light which has caused the surface plas- 
mon resonance comes out of the core and is subjected 
to a wavelength distribution analysis in the light analyz- 
ing means. In an actual immunoassay, a wavelength 
distribution of the light source is analyzed beforehand 
and this is compared to a wavelength distribution after 
the immune reaction so as to d termine which wave- 
length has been att nuated. 



[0035] Moreov r, th immunoassay apparatus accord- 
ing to th pr sentinv ntion compris s: a light source for 
mitting a pr det rmined wav length band of light; an 
SPR sensor cell r c iving the light from the light source 
so as to caus a surface plasmon r sonance; and light 
analyzing m ans for analyzing the wav length distribu- 
tion of the light emitted from the SPR sensor cell consti- 
tuted by a sheet-shaped core having a SPR sensing 
portion in a predetermined region and sandwiched by a 
first clad and a second clad. 

BRIEF DESCRIPTION QF THE DRAWINGS 
[0036] 

Fig. 1 is a perspective view of an SPR sensor cell 
according to a first embodiment of the present 
invention. Fig. 1A shows an SPR sensor cell as a 
completed apparatus including a first clad shown in 
Fig. 1B, a core shown in Fig. 1C, and a second clad 
shown in Fig. 1D having an indentation 11 and a 
through hole 13. 

Fig. 2 shows the completed SPR sensor cell dis- 
closed in Fig. 1. Fig. 2A is a perspective view of the 
SPR sensor cell and Fig. 2B is a cross sectional 
view of the SPR sensor cell about the line indicated 
by the arrows in Fig. 2A. 

Fig. 3 shows the SPR sensor cell of Fig. 1 with an 
incident light (L). Fig. 3A is a perspective view and 
Fig. 3B is a cross sectional view of the SPR sensor 
cell. 

Fig. 4 shows a configuration of the SPR sensor cell 
of Fig. 1 having a thin metal film. Fig. 4A is a cross 
sectional view of the SPR sensor cell in the lateral 
direction. Fig. 4B is also a cross sectional view 
showing a state of surface plasmon resonance. Fig. 
4C is a graph showing a calculated wavelength dis- 
tribution of the outgoing light from the SPR sensor 
cell. 

Fig. 5 shows the SPR sensor cell disclosed in Fig. 

4 and having an antibody fixed. 

Fig. 6 shows the SPR sensor cell disclosed in Fig. 

5 to which light is introduced. Fig. 6A is a cross sec- 
tional view of the SPR sensor cell in which a surface 
plasmon resonance is caused. Fig. 6B is a graph 
showing a calculated wavelength distribution of the 
outgoing light from the SPR sensor cell. 

Fig. 7 is a cross sectional view of the SPR sensor 
cell into which a sample fluid is introduced. 

Fig. 8 shows th SPR s nsor cell disclos d in Fig. 
7 into which light is intr duced. Fig. 8A is a cross 
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sectional view of the SPR sensor cell In which a 
surface plasmon resonance is caused. Fig. 8B is a 
graph showing a calculated wavel ngth distribution 
of the outgoing light from the SPR sensor cell. 

5 

Fig. 9 is a plan view of an immunoassay apparatus 
comprising the SPR sensor cell disclosed in Fig. 7. 

Fig. 10 is a perspective view of an SPR sensor cell 
according to a second embodiment of the present 10 
invention. 

Fig. 1 1 is a plan view of an immunoassay apparatus 
comprising the SPR sensors cell disclosed in Fig. 
10. 15 

Fig. 12 is a perspective view of a third embodiment 
of the present invention. Fig. 12A shows a sensor 
cell fixing table. Fig. 12B shows SPR sensor cells 
fixed on the fixing table. 20 

Fig. 13 is a perspective view of a modified example 
of the third embodiment. Fig. 13A shows a sensor 
fixing table, and Fig. 13B shows SPR sensor cells 
fixed on the sensor fixing table. 25 

Fig. 14 shows a configuration of a fourth embodi- 
ment of the present invention. Fig. 14A is a per- 
spective view, Fig. 14B is a cross sectional view, 
and Fig. 14C is a plan view of the fourth embodi- 30 
ment. 

Fig. 15 shows the SPR sensor cell disclosed in Fig. 
14 to which light (L) is introduced. Fig. 15A is a per- 
spective view and Fig. 1 5B is a cross sectional view 35 
of the SPR sensor cell. 

Fig. 16 is a cross sectional view of the SPR sensor 
cell disclosed in Fig. 14 and having a thin metal film 
formed. 40 

Fig. 17 shows the SPR sensor cell of Fig. 16 to 
which light (L) is introduced. Fig. 17A is a cross sec- 
tional view showing a surface plasmon resonance. 
Fig. 17B is a graph showing a wavelength distribu- 45 
tion of the outgoing light from the SPR sensor cell. 

Fig. 18 shows the SPR sensor cell of Fig. 16 having 
an antibody fixed. 

so 

Fig. 19 shows the SPR sensor cell disclosed in Fig. 
18 into which light (L) is introduced. Fig. 19A is a 
cross sectional view showing a surface plasmon 
resonance. Fig. 19B shows a wavelength distribu- 
tion of the outgoing light from the SPR sensor cell. 55 

Fig. 20 is a cross s ctional view of the SPR sensor 
cell of Fig. 18 having a sampl fluid. 



Fig. 21 shows th SPR sensor cell of Fig. 20 to 
which light (L) is introduced. Fig. 21 A is a cross sec- 
tional vi w of the SPR sensor cell in which a surface 
plasmon resonance is pres nt. Fig. 21 B is a graph 
showing a wav length distribution of the outgoing 
light from the SPR sensor cell. 

Fig. 22 shows a modified example of the fourth 
embodiment of the present invention. Fig. 22A is a 
lateral cross sectional view of the modified exam- 
ple, and Fig. 22B is a graph showing a wavelength 
distribution of the outgoing light from the SPR sen- 
sor cell. 

Fig. 23 is a plan view of an immunoassay apparatus 
comprising the SPR sensor cell disclosed in Fig. 
14. 

Fig. 24 is a plan view of an immunoassay apparatus 
comprising a plurality of SPR sensor cells. 

Fig. 25 shows an immunoassay apparatus compris- 
ing the SPR sensor cell according to the present 
invention. Fig. 25A shows the immunoassay appa- 
ratus already explained, and Fig. 25B shows an 
incident light into the SPR sensor cell at a predeter- 
mined angle. 

Fig. 26 shows an SPR sensor cell according to a 
fifth embodiment of the present invention. Fig. 26A 
is a perspective view and Fig. 26B is a lateral cross 
sectional view of the fifth embodiment. 

Fig. 27 is a plan view of an immunoassay apparatus 
comprising the SPR sensor disclosed in Fig. 26. 

Fig. 28 shows the immunoassay apparatus dis- 
closed in Fig. 27. Fig. 28A shows a case when the 
light center axis from a light source is parallel to the 
longitudinal direction of the core. Fig. 28B shows a 
case when light is introduced at a predetermined 
angle with respect to the SPR sensor cell core. 

Fig. 29 shows an SPR sensor cell according to a 
sixth embodiment of the present invention. Fig. 29A 
shows an optical waveguide. Fig. 29B shows a first 
clad constituting the SPR sensor cell. Fig. 29C 
shows a core sandwiched by third dads. 

Fig. 30 is a perspective view of the SPR sensor cell 
having the optical waveguide disclosed in Fig. 29. 
Fig. 30A is a perspective view of the entire SPR 
sensor cell. Fig. 30B shows a substrate and Fig. 
30C shows a second clad. 

Fig. 31 shows the SPR sensor cell of Fig. 30 into 
which light is introduced. Fig. 31 A is a persp ctiv 
vi w of the entire SPR sensor cell. Fig. 31 B is a 
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cross s ctional view of th SPR sensor 

Fig. 32 shows a modified example of the second 
clad used in the SPR sensor according to th 
pr sent invention. Fig. 32A is a perspective vi w, 5 
Fig. 32B is a plan view, and Fig. 32C is a cross s c- 
tional view of the second clad. 

Fig. 33A is a front view of a sample introducing tip 
for use with that second clad. Fig. 33B is a cross 10 
sectional view of another modified example of the 
second clad used in the SPR sensor cell. 

Fig. 34 is a perspective view of an SPR sensor cell 
according to a seventh embodiment of the present 15 
invention. Fig. 34A shows the entire configuration of 
the SPR sensor cell including a substrate shown in 
Fig. 34B and a second clad shown in 34C. 

Fig. 35A is a plan view and Fig. 35B is a cross sec- 20 
tional view of the second clad disclosed in Fig. 34. 

Fig. 36 is a cross sectional view of a modified exam- 
ple of the second clad disclosed in Fig. 35. 

25 

Fig. 37 is a plan view of an immunoassay apparatus 
according to an eighth embodiment of the present 
invention. 

Fig. 38 is a plan view of a modified example of the 30 
immunoassay apparatus disclosed in Fig. 37. 

Fig. 39 shows an SPR sensor cell according to a 
ninth embodiment of the present invention. Fig. 39A 
shows an entire configuration of the SPR sensor 35 
cell including a substrate shown in Fig. 39B, a core 
shown in Fig. 39C, and a second clad shown in Fig. 
39D. 

Fig. 40 shows an SPR sensor cell according to a 40 
tenth embodiment of the present invention. Fig. 
40A shows a cell fixing table, and 40B shows the 
SPR sensor cells fixed on the sensor cell fixing 
table. 

45 

Fig. 41 is a perspective view of an SPR sensor cell 
according to Embodiment 11. Fig. 41 A shows the 
SPR sensor in the complete state, and Fig. 41 B 
shows two cores. 

50 

Fig. 42 is a cross sectional view of the SPR sensor 
of Fig. 41. Fig. 42A is a cross sectional view of a 
through hole, and Fig. 42B is an enlarged cross 
sectional view of an SPR sensor cell of Fig. 42A. 

55 

Fig. 43 is a perspective view an SPR sensor cell 
according to Embodiment 12. Fig. 43A shows the 
entire configurati n of the SPR sensor cell; Fig. 43B 



shows a first clad; Fig. 43C shows cores and dads 
attached to th cor s; and Fig. 43D shows a sec- 
ond clad. 

Fig. 44 is a persp ctiv view of Embodiment 13. 
Fig. 44A shows a second clad constituted by a 
combination of four members, and Fig. 44B also 
shows a second clad constituted by another combi- 
nation of four members. 

Fig. 45 is a perspective exploded view of an SPR 
sensor cell according to Embodiment 14 having a 
first clad, a second clad, and cores. 

Fig. 46 shows a configuration of an SPR sensor cell 
according to Embodiment 15. Fig. 46A shows the 
entire configuration; Fig. 46B shows a first clad; Fig. 
46C shows cores and longer and shorter dads; and 
Fig. 46D shows a second clad. 

Fig. 47 shows the SPR sensor of Fig. 46 in a state 
when light is introduced. 

Fig. 48 is a perspective view of an SPR sensor cell 
according to Embodiment 16 having a plurality of 
cores and a plurality of through holes. 

Fig. 49 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 17. 

Fig. 50 shows a light source (white LED lamp) used 
in the immunoassay apparatus of Fig. 49. 

Fig. 51 is a perspective view of modified examples 
of an SPR sensor cell used in the immunoassay 
apparatus according to the present invention. Fig. 
51A shows an SPR sensor cell having a single 
core, and Fig. 51 B shows an SPR sensor cell hav- 
ing two cores. 

Fig. 52 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 18 of the present invention. 

Fig. 53 is a perspective view of the SPR sensor 
used in the immunoassay apparatus shown in Fig. 
52. 

Fig. 54 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 19 of the present invention. 

Fig. 55 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 20 of the present invention. 

Fig. 56 schematically shows an ntire configuration 
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of an immunoassay apparatus according to Embod- 
im nt21 ofth present inv ntion. 

Fig. 57 schematically shows an entir configuration 
of an immunoassay apparatus according to Embod- 5 
im nt 22 ofth present inv ntion. 

Fig. 58 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 23 of the present invention. w 

Fig. 59 is a perspective view of an SPR sensor 
according to Embodiment 24 of the present inven- 
tion. Fig. 59A shows the entire configuration of the 
SPR sensor. Fig. 59B shows a first clad, Fig. 59C 15 
shows a core and a clad attached to the core, and 
Fig. 59D shows a second clad. 

Fig. 60 is a perspective view of a modified example 
of the SPR sensor according to Embodiment 24. 20 
Fig. 60A shows the entire configuration of the SPR 
sensor. Fig. 60B shows a first clad, Fig. 60C shows 
a core and a clad attached to the core, and Fig. 60D 
shows a second clad. 

25 

Fig. 61 is a perspective view of another modified 
example of the SPR sensor cell according to 
Embodiment 24. Fig. 61 A shows the example of the 
SPR sensor cell having one core. Fig. 61 B shows 
the example of the SPR sensor cell having two 30 
cores. 

Fig. 62 is a plain view of an entire configuration of 
the immunoassay apparatus according to Embodi- 
ment 25 of the present invention. 35 

Fig. 63 is a perspective view of the SPR sensor cell 
used in the immunoassay apparatus shown in Fig. 
62. Fig. 63A shows an entire configuration of the 
SPR sensor cell. Fig. 61 B shows a first clad, Fig. 40 
61 C shows a core and a clad attached to those 
cores, and Fig. 61 D shows a second clad. 

Fig. 64 schematically shows an entire configuration 
of a modified immunoassay apparatus according to 45 
Embodiment 25. 

Fig. 65 is a perspective view of an SPR sensor ceil 
according to Embodiment 26: Fig. 65A shows the 
entire configuration; Fig. 65B shows a first clad; Fig. so 
65C shows a core; and Fig. 65D shows a second 
clad. 

Fig. 66 is a cross sectional view of the SPR sensor 
shown in Fig. 65. 55 

Fig. 67 shows an immunoassay apparatus using 
the SPR s nsor cell shown in Fig. 65: Fig, 67A is a 



side cross sectional vi w and Fig. 67B is a cross 
s ctional view from th top. 

Fig. 68 shows a pin hole plate used in the immu- 
noassay apparatus according to the r sent inven- 
tion: Fig. 68A shows a pin h le plate having a single 
pin hole; and Fig. 68B shows a pin hole plate hav- 
ing eight pin holes. 

Fig. 69 schematically shows an optical path from 
the light source to the SPR sensor cell. 

Fig. 70 schematically shows an optical path from 
the light source to the SPR sensor cell. 

Fig. 71 shows a modified example of the SPR sen- 
sor cell: Fig. 71 A shows the entire configuration of 
the SPR sensor cell; Fig. 71 B shows a first clad; 
Fig. 71 C shows a sheet-shaped core; and Fig. 71 D 
shows a second clad. 

Fig. 72 shows another example of the SPR sensor 
cell: Fig. 72A shows the entire configuration of the 
SPR sensor cell; Fig. 72B shows a first clad; Fig. 
72C shows a sheet-shaped core; and Fig. 72D 
shows a second clad. 

Fig. 73 shows still another example of the SPR sen- 
sor cell: Fig. 73A shows the entire configuration of 
the SPR sensor cell; Fig. 73B shows a first clad; 
Fig. 73C shows a sheet-shaped core; and Fig. 73D 
shows a second clad. 

Fig. 74 shows yet another example of the SPR sen- 
sor cell: Fig. 74A shows the entire configuration of 
the SPR sensor cell; Fig. 74B shows a second clad; 
Fig. 74C shows a first clad; Fig. 74D shows a sheet- 
shaped core; Fig. 74E shows a non-light transpar- 
ent member and Fig. 74F shows a light transparent 
member constituting the core. 

Fig. 75 shows yet another example of the SPR sen- 
sor cell: Fig. 75A shows the entire configuration of 
the SPR sensor cell; Fig. 75B shows a second clad; 
Fig. 75C shows a first clad; Fig. 75D shows a sheet- 
shaped core; Fig. 75E shows a non-light-transpar- 
ent member; Fig. 75F shows a light transparent 
member constituting the core and Fig. 75G shows a 
short non-light-transparent member. 

Fig. 76 shows yet still another example of the SPR 
sensor cell: Fig. 76A shows the entire configuration 
of the SPR sensor cell; Fig. 76B shows a first clad; 
Fig. 76C shows a sheet-shaped core; Fig. 76D and 
76F show non-light transparent members; Fig. 76E 
shows a light transparent member, which members 
constitut th sh et-shap d core; Fig. 76G shows a 
second clad. 
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Fig. 77 shows an entir configuration of an immu- 
noassay apparatus according to Embodiment 27. 
Fig. 77A shows a cross s ction view of th immu- 
noassay apparatus. Fig. 77B shows a plain vi w of 
the immunoassay apparatus $ 

Fig. 78 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 28. 

Fig. 79 shows an entire configuration of an immu- 10 
noassay apparatus according to Embodiment 29 

Fig. 80 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 30. 

15 

Fig. 81 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 31. 

Fig. 82 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 32. 20 

Fig. 83 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 33. 

Fig. 84 shows an entire configuration of an immu- 25 
noassay apparatus according to Embodiment 34. 

Fig. 85 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 35. 

30 

Fig. 86 shows an entire configuration of an immu- 
noassay apparatus according to Embodiment 36: 
Fig. 86A is a plan view and Fig. 86B is a side view. 

Fig. 87 is an enlarged view of an optical fiber fixing 35 
portion of the immunoassay apparatus shown in 
Fig. 87: Fig. 87A is a side view and Fig. 86B is a 
front view of the optical fiber fixing portion having a 
cylindrical member; Fig. 87C is a side view and Fig. 
87D is a front view of the optical fiber fixing portion 40 
having no cylindrical member. 

Fig. 88 schematically shows an entire configuration 
of an immunoassay apparatus according to Embod- 
iment 37: Fig. 88A is a plan view and Fig. 88B is a 45 
side view. 

DESCRIPTION QF THE PREFERRED EMBODI- 
MENTS 

50 

[Embodiment 1] 

[0037] Description will now directed to a first embodi- 
ment of the present invention. 

[0038] Firstly, referring to Fig. 1 to Fig. 8, explanation 55 
will be given on an SPR s nsorc II 3 which is a charac- 
teristic component of the immunoassay apparatus 
according to the first mbodiment. The SPR s nsor 



according to the pres nt invention mploys an optical 
wav guide. More specifically, the SPR sensor ceil 3 
includ s: plate-shaped first clad (substrate) 5; a cor 7 
provided on this first clad 5; and a second clad (upper 
plat ) covering the cor 7 and the surface of the first 
clad 5. It should be noted that various types of optical 
waveguides are available such as a plane type, strip 
type, embedded type, lens type, and the like. These 
components will be detailed below. 
[0039] The first clad 5 is made from a material such as 
glass and has a thin plate shape. The core 7 is placed 
on this first clad. The core transmits light and extend 
over the entire length of the optical waveguide. The core 
is made from, glass, plastic, or the like. On the surface 
of the first clad, the second clad 9 is provided so as to 
surround the core 7. More specifically, the second clad 
has an indentation 1 1 formed at the bottom. When the 
second clad 9 is placed on the first clad 5, the core 7 is 
engaged with this indentation 1 1 and the bottom of the 
second clad 9 is brought into full contact with the first 
clad 5. 

[0040] When mounting the core 7 on the first clad 5, 
an adhesive can be used or thermal processing can be 
used to melt the boundary between the core 7 and the 
first clad 5. This also applies to the boundary between 
the second clad 9 and the first clad 5. It should be noted 
that when an adhesive is used for fixing the core 7 onto 
the first clad 5, considering the light attenuation, it is 
necessary to use an adhesive having a lower refraction 
factor than that of the core 7. 

[0041] Moreover, the second clad 9 has a predeter- 
mined through hole 13 extending from the upper surface 
of the second clad 9 to reach the surface of the core 7. 
Accordingly, a surface of the core 7 is exposed via this 
through hole 13. Note that as will be detailed later, a thin 
metal film is formed on the part of the core 7 corre- 
sponding to this through hole. The through hole 13 may 
be provided by making a through hole in a single plate- 
shaped clad, or may be provided by combination of a 
plurality of block-shaped members. 
[0042] Here, the first clad 5, the core 7, and the sec- 
ond clad 9 should have refraction factors in a predeter- 
mined relation so that the core 7 serves as an optical 
waveguide. More specifically, the core 7 should have a 
greatest refraction factor and then the second clad 
should have a next greatest factor. Furthermore, the first 
clad 5 should have a refraction factor equal to or smaller 
than the second clad 2. 

[0043] Fig. 3 shows light L passing through the SPR 
sensor cell. The light L introduced into one end of the 
SPR sensor cell 3 advances while repeating a total 
reflection and goes out from the other end of the SPR 
sensor cell 3. 

[0044] Fig. 4 is a cross sectional view of the core on 
which a thin metal film 15 has been formed from Au. In 
rd r to constitute th SPR s nsor, d position or th 
lik is employ d using gold (Au). The mat rial of the thin 
metal film may also b silver (Ag). 
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[0045] As shown in Fig. 4B, when a wide-band light L 
is introduc d into th core coated with Au or th like, a 
surface plasmon r sonance is generat d in this ar a. 
More specifically, a predet rmined wavelength of the 
light generat s the surface plasmon resonance and the 
light of this wav length is attenuat d. Accordingly, the 
outgoing light from the SPR sensor cell 3 is attenuated 
at the predetermined wavelegth as shown in Fig. 4C. 
However, wavelength distribution is calculated as fol- 
lows method actually. That is, an output value of sample 
spectrum should be divided by an output value of refer- 
ence spectrum according to each wavelength. There- 
fore, the divided value of light intensity will be reduce to 
under 1.0 when a light intensity decrease by immu- 
noassay. 

[0046] Next, as shown in Fig. 5 and Fig. 6, an antibody 
(or antigen) 1 9 is fixed via a predetermined dielectric 
film 17 on the thin metal film 15 formed from Au. This 
antibody (or antigen) is selected according to the anti- 
gen (or antibody) contained in a sample to be assayed. 
[0047] After this, as shown in Fig. 6A, light L is intro- 
duced into the core 7 to generate a surface plasmon 
resonance in the same way as has been described. 
However, because an antigen is fixed, the wavelength 
generating the surface plasmon resonance varies. 
Accordingly, as shown in Fig. 6B, the curve showing the 
wavelength distribution is slightly shifted. A wavelength 
distribution is calculated by same method described 
about Fig. 4C. 

[0048] Fig. 7 shows the through hole 13 formed in the 
second clad 9 and filled with a sample fluid 21. The 
sample fluid 21 contains a predetermined antigen 23. 
Accordingly, if the sample fluid 21 contains an antigen 
23 which specifically reacts to the antibody 19 fixed to 
the Au film, there arises an antigen-antibody reaction. 
This antigen-antibody reaction also changes the light 
wavelength generating the surface plasmon resonance. 
[0049] Accordingly, as shown in Fig. 8A, light L is intro- 
duced into the core 7 and the wavelength distribution 
after the antigen-antibody reaction is analyzed so as to 
determine a wavelength attenuated, thus enabling to 
perform an immunoassay. Fig. 8B shows shifting of the 
attenuated light wavelength. A wavelength distribution is 
calculated by same method described about Fig. 4C. 
[0050] Fig. 9 shows an entire configuration of the 
immunoassay apparatus 1. Firstly, explanation will be 
given on a light source 25. The light source 25 emits 
light L having a wide band of wavelength. For example, 
a halogen lamp can be used. The light L emitted from 
the light source 25 is converged by a converging lens 27 
and then introduced into a receptacle 29 which is con- 
nected to an optical fiber connector 31 . Thus, the light L 
is introduced via the optical fiber connector 31 into an 
optical fiber 33. The light L which has passed through 
the optical fiber 33 further passes through an optical 
fiber connector 35 and a receptacle 37 to reach a con- 
verging I ns 39. The light L which has passed through 
the converging I ns 39 is introduc d into th SPR sen- 



s r cell 3. 

[0051] The light L introduced into the SPR sensor 
passes through the core 7. H re.atth thin metal film of 
Au, the surface plasmon resonance is g n rated. This 
5 surface plasmon resonance lowers th light intensity of 
a particular wav I ngth when the light L go s out from 
the SPR sensor cell 3. 

[0052] The light L outgoing from the SPR sensor 3 
passes through a converging lens 41 to reach a recep- 
10 tacle 43 which is connected to an optical fiber connector 
45. The light L advances into the receptacle 43 and then 
passes through the optical fiber connector 45 and an 
optical fiber 47 to reach a predetermined spectrometer 
49. 

is [0053] The spectrometer 49 analyzes the wavelength 
distribution of the incident light L More specifically, a 
wavelength distribution is determined prior to the 
immune reaction. Then, a wavelength distribution after 
the immune reaction is checked. The difference 

20 between these wavelength distributions obtained is 
used to determine presence of an immune reaction or a 
state of the immune reaction. 

[Embodiment 2] 

25 

[0054] Fig. 10 is a perspective view of an SPR sensor 
cell 3b used in an immunoassay apparatus according to 
the second embodiment. This SPR sensor cell 3b is 
basically identical to the SPR sensor cell 3 of the first 
30 embodiment except for that a plurality of cores 7b are 
provided in a single SPR sensor cell 3b, and a plurality 
of through holes 13b are provided corresponding to the 
cores 7b. 

[0055] As for the production method of the SPR sen- 
35 sor ceil 3b, a plurality of cores 7b are arranged in paral- 
lel to one another on a first clad 5b made from a 
predetermined clad. Then, a second clad 9b is fixed on 
to the first clad so as to cover the cores 7b. Here, an 
adhesive is used to fix the cores 7b onto the first clad 
40 5b, and to fix the second clad 9b onto the first clad 5b. 
[0056] When performing an immunoassay, each of the 
through holes 13b is filled with a sample fluid and the 
light L is introduced into the core 7b. It is preferable that 
different antibodies be fixed according to the antigens to 
45 be assayed. This enables to rapidly perform various 
immune reactions. It is also possible to fix a single anti- 
body, and fill the through holes with different samples. 
Thus, different samples can be subjected to an immu- 
noassay. 

so [0057] Fig. 11 schematically shows an entire immu- 
noassay apparatus comprising the SPR sensor cell 3b 
according to the second embodiment. This embodiment 
uses only one light source 25 and one spectrometer 49. 
Accordingly, the optical waveguide should switched for 

55 the immunoassay of the cores 7b. For this, the SPR 
sensor cell 3b is movably formed. More specifically, the 
SPR s nsor cell is mov d in a direction v rtical to the 
optical waveguide from th light s urce 25 and the 
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spectrometer 49, and is stopp d at positions corre- 
sponding to the r spectiv cores 7b. 
[0058] It should b noted that th second mbodim nt 
has been xplained for a case that b tween the light 
source 25 and the spectrometer 49 th re are provid d 
the optical fib r 33, optical fiber connector 31 and 
receptacle 29. However, this embodiment is not to be 
limited to such a case but it is also possible to introduce 
the light L from the light source directly into the SPR 
sensor cell 3b so that the outgoing light from the SPR 
sensor 3b is directly introduced into the spectrometer. 
[0059] Moreover, in this embodiment, the SPR sensor 
cell 3b has a plurality of through holes 13b on the sec- 
ond clad. These through holes 13b may be formed in a 
single member by mechanical processing or it is also 
possible to use a plurality of block-shaped members to 
define the through holes as shown in Fig. 10. 

[Embodiment 3] 

[0060] Fig. 1 2 is a perspective view of a sensor cell fix- 
ing table 51 on which the SPR sensor cell 3 according 
to the first embodiment can be fixed. On this sensor cell 
fixing table 51, a plurality of the SPR sensor cells 3 can 
be fixed at an identical interval. In Fig. 12, three SPR 
sensor cells are fixed on the table. However, it is also 
possible to increase or decrease the number of the SPR 
sensor cells as is required. 

[0061] The sensor cell fixing table 51 has partitions to 
define respective positions for accepting the SPR sen- 
sor cells 3. The SPR sensor cells 3 cannot be moved in 
the direction of the arrangement (rightward or leftward 
in Fig. 12). Moreover, each of the partitions has an 
engagement member so that the SPR cells 3 cannot be 
moved in the longitudinal direction of the cores 7. Thus, 
the SPR sensor cells 3 can be replaced or removed in 
the perpendicular direction but cannot be moved in a 
horizontal direction. 

[0062] Moreover, the sensor cell fixing table 51 is 
arranged so as to be moved by a moving mechanism 
(not depicted). By moving the sensor cell fixing table 51 , 
different cores 7 can be set on the optical waveguide 
from the light source. Accordingly, it is possible to suc- 
cessively and rapidly perform an immunoassay for a 
plurality of samples. Moreover, when the immunoassay 
is complete, the SPR sensor cells 3 can easily be 
replaced. 

[0063] Fig. 1 3 shows a sensor ceil fixing table 51 c for 
fixing the SPR sensor cell 3b explained in the second 
embodiment. This sensor cell fixing table 51c is for fix- 
ing the SPR sensor cell 3b having a plurality of cores 7b. 
The SPR sensor cell 3b fixed on this table cannot move 
in a horizontal direction. Note that this sensor cell fixing 
table 51c is also arranged to be movable by a predeter- 
mined moving mechanism. In the case of the SPR sen- 
sor cell 3b having a plurality of cores 7b, the cores 7b 
should b position d on the optical path. 



[Embodiment 4] 

[0064] Fig. 14 shows an SPR s nsor cell 3d to be 
used in an immunoassay apparatus according to a 

5 fourth embodiment of th pr s nt inv ntion. This SPR 
sensor cell 3d has a basically identical configuration as 
the aforementioned first embodiment except for that a 
core 7d is slightly shorter than the length of the entire 
SPR sensor cell 3d. 

w [0065] As shown in Fig. 1 5, if light L is introduced from 
one end of the core 7d, the light goes out of the other 
end of the core 7d in the same way as the first embodi- 
ment. 

[0066] On the other hand, as shown in Fig. 16, in this 

15 embodiment, a thin metal film of Ag is deposited on the 
other end of the core 7d, so as to be used as a reflection 
surface (mirror). Moreover, in the same way as in the 
first embodiment, a thin metal film 15d of Au is formed 
at a portion corresponding to the through hole 13d on 

20 the surface of the core 7d. 

[0067] Fig. 17A shows a case that the light L is actu- 
ally introduced into the core 7d of the SPR sensor cell 
3d. The light L introduced from one end (hereinafter 
referred to as a first end) generates a surface plasmon 

25 resonance at the thin metal film 1 5d of Au and reflected 
by the thin metal film 61 at the other end (hereinafter 
referred to as a second end) of the core 7d. 
[0068] Referring to Fig. 17B, the light L reflected by 
the thin mental film of the second end of the core 7d 

30 shows attenuation of a particular wavelength of the light 
L. As shown in Fig. 17B, when the thin metal film 61 of 
Ag is present, the particular wavelength of the light L is 
more attenuated than the case when the thin metal film 
61 of Ag is absent. On the other hand, the other wave- 

35 length shows almost no attenuation. This is because the 
surface plasmon resonance is generated before the 
light reaches the second end of the core 7d, and the 
surface plasmon resonance is also generated by the 
reflected light. This substantilly improves the sensitivity 

40 of the SPR sensor cell. 

[0069] Next, as shown in Fig. 18, an antibody (or anti- 
gen) is fixed on the thin metal film 15d of Au via a prede- 
termined dielectric film 17d. The antibody (or antigen) 
19d is selected according to an antigen (or antibody) 

45 contained in the sample. After the antibody 1 9d is fixed, 
as shown in Fig. 19A, the light L is introduced into the 
core 7d, which generates the surface plasmon reso- 
nance. Here, the wavelength of the light causing the 
surface plasmon resonance is changed because the 

so antibody 19d is applied. Thus, the wavelength distribu- 
tion curve is slightly shifted as shown in Fig. 19B. 
[0070] Fig. 20 shows the SPR sensor cell 3d having a 
sample 21d filled in the through hole 13d formed in the 
second clad 9d. The sample 21d contains a predeter- 

55 mined antigen 23d. Accordingly, if the sample 21d con- 
tains an antigen specifically r acts to the antibody 19d 
fixed to the di lectric film 17d of Au, an antigen-antibody 
r action is caus d. This antigen-antibody r action also 
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changes th wav length of th light causing the surface 
plasmon r sonance. 

[0071] As shown in Fig. 21A, the light L is introduc d 
into the core 7d, and the wavel ngth distribution is 
checked after the antigen-antibody. Th immunoassay 5 
is perform d according to th wavelength attenuated. 
Fig. 21 B shows the wavelength attenuated which has 
been shifted. 

[0072] Fig. 22 is a cross sectional view of the SPR 
sensor cell 3d1 having a second end surface entirely 10 
covered with a thin metal film 63 of Ag. This is because 
formation of the thin metal film 63 is easier compared to 
the formation of the thin metal surface to cover only the 
end surface of the core 7d. That is, when forming a thin 
mental film only on the end surface of the core 7d, dep- 15 
osition should be selectively performed on the core 7d. 
[0073] The SPR sensor cell 3d 1 having the thin metal 
film 63 covering the entire end surface, as shown in Fig. 
22B, also changes the wavelength attenuated by the 
immune reaction and can perform the immunoassay. 20 
[0074] Fig. 23 shows an entire configuration of the 
immunoassay apparatus 1d. Firstly, explanation will be 
given on the light source 25 for emitting the light L for an 
immunoassay. The light source 25 is for emitting the 
light L of a wide-band wavelength. For example, a halo- 25 
gen lamp can be used. The light L emitted from the light 
source 25 is converged by a converging lens 27 and 
introduced into a receptacle 29 which is connected to an 
optical fiber connector 31. The light L from the light 
source 25 is introduced via the optical fiber connector 30 
31 into an optical fiber 33. The light L which has passed 
through the optical fiber 33 further advances into an 
optical fiber connector 35 and a receptacle 37 to reach 
a converging lens 39. The light L which has passed 
through the converging lens 39 partially passes through 35 
a beam splitter 65 and a converging lens 67 to advance 
into one end of the SPR sensor cell 3d. 
[0075] The light L introduced into the SPR sensor cell 
3d passes through the core, causing a surface plasmon 
resonance at the thin metal film of Au as has been 40 
explained above. The surface plasmon resonance low- 
ers the light intensity of a particular wavelength, and the 
light is reflected by the core end surface of the SPR sen- 
sor cell 3d. The light L reflected by the core end surface 
goes back through the SPR sensor cell 3d and goes out 45 
of the first end of the SPR sensor cell. The light further 
passes through a converging lens 67 and enters a 
beam splitter 65. A part of the light L is reflected in the 
vertical direction by a reflection surface of the beam 
splitter 65. 50 
[0076] The reflected part of light L passes through a 
predetermined converging lens 69 and advances 
through a receptacle 71, an optical connector 73, an 
optical fiber 75 and enters a spectrometer 49. 
[0077] Fig. 24 shows configuration of the immu- 55 
noassay apparatus using the SPR sensor cell 3d1 has a 
plurality of cor s. This configuration has various advan- 
tages as follows. If a singl antibody is fix d in the 



resp ctiv cor s, immunoassay can b quickly per- 
formed for a plurality f different samples. M reover, if 
different antibodies are fixed in the r spective cores, it is 
possible to quickly perform immunoassay on different 
antigens in a single sample. F r this, the SPR sensor 
c II can be m v d with r sp ct to the optical path from 
the light source 25. 

[0078] Next, Fig. 25 shows a modified example of the 
immunoassay apparatus shown in Fig. 9. 
[0079] Fig. 25A shows the entire configuration of the 
immunoassay apparatus 1 explained already. Fig. 25B 
shows that the light L is introduced into the SPR sensor 
cell 3 at a predetermined angle. 
[0080] With the configuration of Fig. 25B also, the light 
is introduced into the core 7 and passes through the 
core 7 while being totally reflected. That is, the configu- 
ration of Fig. 25B also can perform the immunoassay. It 
is known that when a light is introduced into the core at 
an angle with respect to the core surface, it is possible 
to improve a light introduction efficiency under a certain 
condition. 

[Embodiment 5] 

[0081] Description will now be directed to a fifth 
embodiment with reference to Fig. 26. 
[0082] As shown in Fig. 26, in this embodiment an 
SPR sensor 3e has inclined end surfaces (first and sec- 
ond end surfaces). That is, the core 7e has inclined end 
surfaces and the second clad 9e also has inclined end 
surfaces so as to be flat with the inclined end surfaces 
of the core 7e. However, the second clad 9e may not 
have inclined end surfaces. 

[0083] When the core 7e has end surfaces inclined, it 
is possible to effectively introduce the light in a normal 
line direction into the core 7e. Accordingly, the inclina- 
tion angle to be formed on the core 7e should be set 
according to the direction of the incident light L from the 
light source 25. In the example of Fig. 26, the inclination 
angle is about 45 degrees with respect to the bottom of 
the SPR sensor cell 3e. 

[0084] Fig. 27 shows an entire configuration of the 
immunoassay apparatus 1e using the SPR sensor cell 
including the core 7e having inclined end surfaces. 
[0085] Fig. 28 also shows the entire immunoassay 
apparatus including the SPR sensor cell 3e shown as a 
cross sectional view. Fig. 28 A shows a case when the 
light center axis from a light source is parallel to the lon- 
gitudinal direction of the core. Fig. 28B shows a case 
when light is introduced at a predetermined angle with 
respect to longitudinal direction of the SPR sensor cell 
core. 

[0086] In the case of Fig. 28B, the light L can be effec- 
tively introduced because of the inclination formed on 
the end surface of the core 7e. Moreover, 
[0087] Moreover, in this embodiment, between the 
light source 25 and the sp ctrom ter 49, there ar pro- 
vided a plurality of conv rgingl nses27, 39,41,anopti- 
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cal fib r 33, optical fib r connectors 31, 35, 45, and 
r ceptacl s 29, 37, 43. 

10088] Howev r, th pres nt invention is not to b lim- 
ited to the afor mention d configuration. It is also possi- 
ble to conv rge the light directly from the light source 25 5 
so that the light L is introduced into the SPR sensor cell 
3e, and to converge the outgoing light L from the SPR 
sensor cell 3e so that the light is introduced directly into 
the spectrometer 49. 

[0089] Furthermore, the converging lens at the w 
upstream side of the SPR sensor cell 3e may be pro- 
vided with an angle regulation mechanism (not 
depicted) for changing the emission angle of the light L 
so that the light is introduced into the core 7e at a pre- 
determined angle as shown in Fig. 28B. 

[Embodiment 6] 

[0090] Description will now be directed to an SPR sen- 
sor cell according to a sixth embodiment of the present 
invention with reference to Fig. 29 to Fig. 31. 
[0091] The SPR sensor cell of this embodiment 
includes a first clad 5f, a second clad 9f, two third dads 
8f, core 7f, and a substrate 6f. The core 7f is sand- 
wiched by the third clads 8f, forming a flat plate shape. 
This plate-shaped member is bonded to the first clad 5f. 
After bonding the third clads 8f, the core 7f, and the first 
clad 5f one another, these members are fixed to the 
substrate 6f and the second clad 9f is fixed onto the 
core 7f. The second clad 9f has a through hole 13f, 
reaching the core 7f. However, the first clad 5f may not 
be provided. That is, the SPR sensor cell can exhibit its 
function even without the first clad 5f. 
[0092] In this embodiment, the first clad 5f, the second 
clad 9f, the third clads 8f, and the substrate 6f are made 
from glass of plastic. 

[0093] As for the refraction factor, the core 7f has the 
greatest refraction factor, and the third clads 8f have the 
next greatest factor. The first clad 5f has a refraction fac- 
tor equal to or smaller than the refraction factor of the 
third clads 8f. Moreover, the substrate 6f has a refrac- 
tion factor equal to or smaller than the refraction factor 
of the first clad 5f. 

[0094] Fig. 31 shows the SPR sensor cell 3f when light 
L is introduced into the core 7f. The light L is introduced 
into an end (first end) of the core 7f advances while 
being totally reflected in the core 7f and goes out from 
the other end (second end) of the core 7f. 
[0095] Fig. 32 shows a modification of the second 
clad. This modified second clad 9f1 has a rectangular 
through hole and a tip fixing hole 14f formed at one cor- 
ner of the rectangular hole. This tip fixing hole 14f is 
used for inserting a tip 81 (see Fig. 33A) for pouring and 
sucking a sample. The tip 81 is attached to the tip of a 
pipette (not depicted). The tip 81 can easily be detached 
from the micro-pipette. 

[0096] The tip fixing hoi 14f1 brings about following 
advantag s. During pouring r suction of a sample into 



or from the SPR sens r cell 3f, it is possibl to prevent 
contact of the end of the tip 81 with the antibody on the 
cor 7f. The tip 81 is formed so as t correspond to the 
shap of the tip fixing hole 14f 1 . 
[0097] Fig. 33A shows a tip 81 having an identically 
tapered portion L, i. ., con shape, which corresponds 
to the taper of the tip fixing hole 14f2. And Fig. 336 
shows a tapered tip fixing hole 14f2. The clad 9f2 has a 
thickness T which is greater than the tapered portion L 
of the tip 81 . Moreover, the tip 81 has a main part having 
a greater diameter than the tapered portion, forming a 
stepped portion. This stepped portion is engaged with 
the surface of the second clad 9f. Thus the lower end of 
the tip 81 will not be brought into contact with the core 
7f. 

[Embodiment 7] 

[0098] Description will now be directed to a seventh 
embodiment of the invention with reference to Fig. 34 
and Fig. 35. 

[0099] In the SPR sensor cell 3g according to this 
embodiment, the second clad 9g has two through holes 
13g and a void 83 communicating with these through 
holes 13g. More specifically, the void 83 is formed at the 
bottom of the second clad 9g at a position correspond- 
ing to the core 7g of the SPR sensor cell 3g. That is, a 
predetermined void is defined between the second clad 
9 and the core 7g. This void has a rectangular shape 
along the core 7g and serves as a reservoir of a sample 
during an immunoassay. Note that the void 83 may have 
any shape if formed at a position corresponding to the 
core 7g. 

[01 00] Moreover, one of the through holes 1 3g is used 
for pouring a sample into the void 83 or for sucking the 
sample. That is, the tip 81 of a micro-pipette (see Fig. 
33A) is inserted into one of the holes 13g, leaving the 
other hole 13g for going out of air. This is because the 
void is a closed portion excluding the two through holes 
13g. Thus, when the void is provided in the second clad 
9g, there is no danger of a sample leak. Moreover, when 
attaching the SPR sensor cell 3g to the immunoassay 
apparatus or detaching the SPR sensor cell 3g from the 
immunoassay apparatus, there is no danger of sample 
leak. 

[0101] In the aforementioned embodiment, each of 
the through holes 13g has a cylindrical shape. However, 
the present invention is not to be limited to the cylindri- 
cal shape. One or both of the through holes 13g may 
also have a tapered shape, i.e., cone shape corre- 
sponding to the configuration of the tip 81 of the micro- 
pipette. 

[Embodiment 8] 

[0102] Fig. 37 shows an entire configuration of an 
immunoassay apparatus 1h according to an eighth 
mbodim nt f th pr sent invention. In this mbodi- 
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ment, an optical coupler 85 is us d for branching the 
light from the light sourc 25 into an optical path tor the 
SPR sensor cell 3h and an optical path from th SPR 
sensor cell 3h to the spectrometer 49. That is, the light 
L from th light source 25 is introduced through the con- 
verging lens 27 into the optical coupl r 85. In the optical 
coupler 85, the light advances to the side of the SPR 
sensor cell 3h. The light L further advances through the 
converging lens 41 to the SPR sensor ceil 3h. 
[0103] The light L into one end (first end) of the SPR 
sensor cell 3h advances in the core while repeating total 
reflection and reaches the other end (second end) of the 
core. The second end of the core has a thin metal film of 
Ag, serving as a reflection surface of the light L. Accord- 
ingly, the light L which has passed through the core 
causes a surface plasmon resonance and then is 
reflected by the reflection surface of the core to return 
through the core and emitted from the first end of the 
SPR sensor cell. Here, the returning light L also causes 
a surface plasmon to attenuate a particular wavelength 
of the light L. This improves the sensitivity of the SPR 
sensor. 

[0104] The light L emitted from the first end of the SPR 
sensor cell 3h passes through the converging lens 41 
and advances into the optical coupler 85. The light L 
from the SPR sensor is branched by a branching block 
86 of the optical coupler 85 to the path leading to the 
spectrometer 86. The light L is subjected to a wave- 
length distribution analysis by the spectrometer con- 
nected to the optical coupler 85. 
[01 05] Fig. 38 shows an example of the immunoassay 
apparatus 1h1 having a plurality of cores in the SPR 
sensor 3h1. As shown in Fig. 38, the SPR sensor cell 
3h1 has eight cores. When carrying out immunoassay, 
the SPR sensor cell 3h1 is positioned at one of the eight 
cores so that the core is matched with an optical path of 
the light L from the light source. For a subsequent 
immunoassay, the position of the SPR sensor cell is 
shifted. 

[0106] Thus, shifting the position of the SPR sensor 
cell 3h, it is possible to successively and rapidly perform 
the immunoassay for a plurality of samples. Moreover, if 
different antibodies are fixed for the respective cores, it 
is possible to rapidly perform the immunoassay of vari- 
ous types of antigens in a single sample. And also, it is 
possible to rapidly perform the immunoassay of pre- 
scribed antigens in a various samples. Note that the 
number of cores is not to be limited to a particular 
number. 

[0107] The aforementioned coupler 85 may be any 
one of the various types available, such as melting type, 
electro-optical effect type, temperature regulating type, 
and stress regulating type. 

[0108] The melting type is an optical coupler in which 
two optical waveguides are melted to be collected into a 
single waveguide. 

[01 09] The electro-optical type is an optical coupl r in 
which voltag is applied to an el ctro-optical crystal so 



as to chang the wavelength characteristic. This ena- 
bl s to s lecct an ptical waveguide and d termin a 
dividing rati f the light L passing through the optical 
wav guid . 

5 [0110] The temperature-regulating type is an optical 
coupler in which a connected p rti n betw en a plural- 
ity of optical waveguides is surrounded silicone and a 
Peltier element is used to regulate the temperature, thus 
changing the wavelength characteristic. 

w [01 1 1] The stress regulating type is an optical coupler 
in which the optical waveguide is subjected to twisting 
and bending so as to change the wavelength character- 
istic. 

15 [Embodiment 9] 

[01 12] Fig. 39 shows an SPR sensor cell 3i used in an 
immunoassay apparatus according to the ninth embod- 
iment of the present invention. 

20 [011 3] This SPR sensor cell 3i is characterized by the 
configuration of the core 7i. That is, as shown in Fig. 
39C, the first end (the incident side) and the second end 
(outgoing side) of the core have different cross sectional 
areas. In the case of Fig. 39, the first end surface has a 

25 greater area than the second end surface, and both of 
the first and the second end have rectangular cross sec- 
tion. 

[0114] Thus, when the second end has a smaller 
cross section than that of the first end of the core 7i, the 
30 light L is converted when going out. That is, the light L 
can be effectively introduced into the spectrometer 49 or 
the like. Note that the core cross section is not to be lim- 
ited to a rectangle but also may be a circle, triangle, or 
other shapes. 

35 [0115] Fig. 39A is a perspective view of the SPR sen- 
sor cell 3i comprising the components shown in Fig. 
39B, Fig. 39C, and Fig. 39D. That is, the SPR sensor 
cell 3i comprises a first clad 5i made from glass or plas- 
tic; a core 7i provided on this first clad 5i; and a second 

40 clad 9i to cover the core 7i and the first clad 5i. The sec- 
ond clad 9i has an indentation 1 1i at its bottom. The first 
clad 5i, the core 7i, and the second clad 9i are con- 
nected to one another using a predetermined adhesive. 
[0116] These components have different refraction 

45 factors. That is, the core 7i is made from a material hav- 
ing the greatest refraction factor. The second clad 9i is 
made from a material having the next greatest factor. 
The first clad 5i is made from a material having a refrac- 
tion factor equal to or smaller than that of the second 

so clad 9i. 

[Embodiment 10] 

[0117] Fig. 40 shows a configuration of the tenth 
55 embodiment. Fig. 40A is a perspective view of a sensor 
cell fixing table 87. Fig. 40B is a perspective view of an 
SPR s nsor cell 3j fix d on th s nsor cell fixing tabl 
87. 
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[0118] The SPR s nsor cell 3j according to this 
embodim nt has a plurality of cores 7j and th second 
clad 9j has a single through hole exposing all of th 
cores 7j. Accordingly, if differ nt antibodi s ar fixed to 
the surface of the cores 7j via a thin metal film and a die- 5 
lectric film, and a single sampl is poured into the 
through hole 13j, It is possible to quickly perform immu- 
noassays for various antigens contained in the sample. 
And also, it is possible to rapidly perform the immu- 
noassay of prescribed antigens in a various samples. w 

[Embodiment 1 1] 

[01 1 9] Description will now be directed to an eleventh 
embodiment with reference to the attached drawings. is 
[0120] Firstly, referring to Fig. 41 and Fig. 42, explana- 
tion will be given on a SPR sensor cell B3 according to 
the Embodiment 11. Here, Fig. 42A is a cross sectional 
view of the SPR sensor cell viewed about the line X-X in 
Fig. 41A. 20 
[0121] The SPR sensor cell B3 of Embodiment 11 
uses an optical waveguide. More specifically, the SPR 
sensor B3 comprises: a sheet-shaped first clad (sub- 
strate) B5; two cores B7a and B7b provided on this first 
clad B5; and a second clad (upper layer sheet) B9 cov- 25 
ering the cores B7a and B7b as well as the surface of 
the first clad B5. It should be noted that there are vari- 
ous types available such as a planer type, a strip type, 
an embedded type, and a lens type. 
[0122] The first clad B5 is a thin sheet or plate made 30 
from a glass or the like. The two cores B7a and B7b are 
mounted on this first clad, for transmitting light. The 
cores B7a and B7b are made from glass or plastic and 
extend over the total length of the SPR sensor cell B3. 
[0123] Moreover, the second clad B9 is arranged over 35 
the cores B7a and B7b and the exposed surface of the 
first clad B5. More specifically, the second clad B9 has 
two grooves B1 1a and B1 1 b on its bottom so as to cor- 
respond to the cores B7a and B7b. When the second 
clad B9 is arranged on the first clad B5, the cores B7a AO 
and B7b are engaged with the grooves B11a and B11b 
while the bottom of the second clad B9 is brought into 
abutment with the surface of the first clad B5. 
[0124] The cores B7a and B7b may be attached to the 
first clad B5 using an adhesive or by way of heating for 45 
melting the boundary surfaces between the first clad B5 
and cores B7a and B7b. This also applies to the mount- 
ing of the second clad B9 on the first clad B5. When an 
adhesive is used, light attenuation by the adhesive 
should be considered, and it is necessary to use an so 
adhesive having a lower refraction factor than the 
refraction factor of the cores B7a and B7b. 
[0125] Moreover, a through hole B13 is formed in the 
center portion of the second clad B9. More specifically, 
the through hole extends from the upper surface of the 55 
second clad B9 to the intermediate portion sandwiched 
by the two cores B7a and B7b. That is, the cor s B7a 
and B7b are arranged at a predetermined distance and 



parallel to each other. Th through hole B13 has a width 
almost identical to the distanc b twe n the B7a and 
B7b. Accordingly, the cores B7a and B7b hav surface 
portions xpos d to this through hoi B13. As will be 
detailed later, those surfaces are cov r d with a thin 
metal film, thus constituting an SPR sensing portion B8. 
[0126] It should be noted that the through hole B13 
can be formed in a sheet-type second clad B9 on which 
two grooves B1 1a and B1 1b have been formed. That is, 
the through hole B13 is formed at a position between 
the grooves. 

[0127] As the second clad B9 is formed as has been 
described above, a rectangular parallelepiped space is 
defined by the through hole B13, the two cores B7a and 
B7b and the surface of the first clad B5. This space 
serves as a sample reservoir B 14 for immunoassay. 
[0128] Here, the first clad B5, the two cores B7a and 
B7b, and the second clad B9 should have refraction fac- 
tors in a predetermined relationship, so that the cores 
B7a and B7b function as optical waveguides. 
[0129] More specifically, the cores B7a and B7b 
should have a greatest refraction factor, and the second 
clad B9 should have a second greatest refraction factor. 
The refraction factor of the first clad 5B may be equal to 
or smaller than the refraction factor of the second clad 
B9. 

[01 30] This can be expressed as follows: 

-N2 > N1 = N4" or "N2 > N4 and N2 > N1" 

wherein N1 is the refraction factor of the first clad B5, 
N2 is the refraction factor of the cores B7a and B7b, and 
N4 is the refraction factor of the second clad B9. 
[0131] Description will now be directed to the sample 
reservoir B14, serving as the SPR sensor (SPR sensing 
portion B8). Fig. 42A is a cross sectional view of the 
through hole, and Fig. 42B is an enlarged cross sec- 
tional view. As shown in Fig. 42B, the surface of the core 
is covered with a thin metal film B15 and a dielectric film 
17 in this order, and an antibody (or antigen) is fixed to 
the surface of the dielectric film B17. 
[0132] More specifically, the thin metal film B15 is 
formed from Au by way of deposition or the like, so as to 
constitute the SPR sensing portion. Note that instead of 
Au, Ag can also be used to constitute the SPR sensor 
portion. Here, in the case of the core B7b made from 
glass and the thin metal film B15 formed from Au, it is 
recommended to coat the surface of the core B7b with 
chrome (Cr) of several nm thickness. When the chrome 
film is present, the Au coating can be made more stable. 
[0133] Next, an antibody (or antigen) is fixed via the 
dielectric film B17 on the thin metal film of Au. This anti- 
body (or antigen) B19 is selected in accordance with an 
antigen (or antibody) contained in a sample for immu- 
noassay, which enables to decide whether a particular 
antigen is contained in the sample. 
[01 34] Next, explanation will b given on the SPR sen- 
sor cell B3. Firstly, a sampl containing a predetermined 
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antig n is introduc d into the sample reservoir B14 of 
the SPR s nsor cell B3. If the sample contains an anti- 
gen specifically reacts to the antibody B19 fixed on t 
the dielectric film B17, an immune reaction is caused. 
This immune reaction changes the light wavelength 
generating a surface plasmon resonance. 
[0135] Consequently, a wavelength distribution of the 
light coming out of the cores B7a and B7b after the 
immune reaction is different from the wavelength distri- 
bution when no immune reaction is caused. More spe- 
cifically, a particular wavelength causing a surface 
plasmon resonance is attenuated. Therefore, by identi- 
fying the wavelength attenuated, it is possible to carry 
out an immunoassay. 

[Embodiment 12] 

[01 36] Fig. 43 is a perspective view of an SPR sensor 
cell B3b according to a twelfth embodiment of the 
present invention. Here, like components as in the 
Embodiment 1 1 are denoted by like reference symbols. 
[0137] The SPR sensor cell B3b has a basic configu- 
ration identical to the eleventh embodiment except for 
that the SPR sensor cell B3b is formed by three layers 
instead of two layers. 

[0138] As shown in Fig. 43B, the first clad B5 is a 
sheet-shaped member like in the eleventh embodiment. 
The second, i.e. intermediate layer containing the cores 
B7a and B7b is constituted by combination a plurality of 
dads. 

[0139] Here the cores B7a and B7b having an identi- 
cal length and thickness are arranged in parallel to each 
other while sandwiching two shorter clads B10b 
arranged in the length direction and the cores B7a and 
B7b themselves are sandwiched by longer clads B10a. 
The total length of the two shorter clads B 10b is smaller 
than each of the longer clads B10a, so as to obtain a 
vacant center portion between the two shorter clads 
B10b. That is, there is no shorter clads at the center por- 
tion of the cores B7a and B7b. 
[0140] This vacant space, i.e., this void serves as a 
sample reservoir, constituting the SPR sensing portion. 
The sample reservoir has a length equal to a difference 
between the longer clad B7a or B7b and the total length 
of the two shorter clads B 10b. Note that the thickness of 
the shorter clads B 10b is identical to that of the cores 
B7a and B7b. 

[0141] As for the longer clads B10a, each has a length 
identical to that of the core B7a or B7b, and a thickness 
identical to that of the cores B7a and B7b. Thus, the 
combination of the cores B7a and B7b, the shorter clads 
B10b, and the longer clads B10a constitutes a sheet- 
shaped member as the second layeer having a prede- 
termined thickness. Moreover, the width of this sheet- 
shaped member is identical to the width of the afore- 
mentioned first clad B5. Note that the short clads B10b 
and the longer clads B10a have a r fraction factor 
equivalent to that of the second clad B9. 



[0142] Furthermore, the third layer is constitut d by 
th second clad B9b, which is a sh et-shap d memb r 
having a constant thickness and a through hole B 13b at 
thee nter thereof. The length f this through h lecorre- 

5 sponds to the sampl reservoir and almost id ntical to 
the distance between the shorter clads B10b. Moreover, 
this second clad B9b has a width identical to that of the 
first clad B5. Note that, location of the through hole 
B13b may be other than the center portion if it corre- 

10 sponds to the sample reservoir. 

[0143] As has been described above, the SPR sensor 
cell B3b according to the eleventh embodiment is con- 
stituted by three layers: the first layer constituted by the 
first clad B5, the second layer constituted by cores B7a, 

15 B7b, and longer and shorter clads; and the third layer 
constituted by the second clad. These members may be 
attached to each other using an adhesive or oil. Thus, in 
this embodiment, the second layer and the third layer 
are separately formed. Accordingly, there is no need of 

20 forming grooves B1 1a, B1 1b (see Fig. 41), thus facilitat- 
ing to prepare the SPR sensor cell. 

[Embodiment 13] 

25 [0144] Referring to Fig. 44, explanation will be given 
on a thirteenth embodiment. In this embodiment, the 
second clad B9b is prepared by a method different from 
that of the Embodiment 12. As shown in Fig. 44A and 
Fig. 44B, the second clad B9c1 and B9c2 are respec- 

30 tiveiy constituted by four members 

[0145] Firstly, as shown in Fig. 44A, the second clad 
B9c1 is constituted by two shorter clads B9c11 
arranged so as to sandwich the through hole B13c1 in 
the longitudinal direction and two longer clads B9c12 

35 arranged so as to sandwich the through hole B13c1 in 
the width direction. 

[0146] Each of the two shorter clads B9c11 has a 
length smaller than the half of the core length and is 
arranged at a predetermined distance from each other. 
40 This distance defines the length of the through hole 
B13c1. 

[0147] Moreover, each of the two longer clads B9c1 2 
has a length identical to that of the cores and arranged 
so as to sandwich the shorter clads B9c1 1 . That is, the 

45 through hole B13c1 is defined by the two shorter clads 
B9c11 and the two longer clads B9c12. These clads 
have an identical thickness and they constitute a sheet- 
shaped clad when they are attached to one another. 
[0148] Fig. 44B shows a modified example of Fig. 

50 44A. The second clad B9c2 is constituted by shorter 
clads B9c21 arranged so as to sandwich the through 
hole B13c2 in the width direction and two longer clads 
B9c22 arranged so as to sandwich the through hole 
B13c2 and the shorter clads B9c21 in the longitudinal 

55 direction. 

[0149] Each of the shorter clads B9c21 has a length 
identical to that of th through hoi B13c2 and arranged 
at a predet rmined distance which defines th width f 



15 



29 



EP0 971 226 A1 



30 



th through hole B13c2. 

[0150] More ver, achofth long r dads B9c22 has 
a length equal to th width of the SPRs nsor cell and Is 
arranged so as to sandwich the short r dads B9c21 
from both sid s. That is, the through hold B13c2 is 
defin d by the two sh rt r dads B9c21 and the two 
longer dads B9c22. These dads all have an identical 
thickness and become a plain sheet when attached to 
one another. 

[0151] Thus, by combining a plurality of members hav- 
ing an identical thickness, it is possible to easily obtain 
the second clad B9c1 or B9c2 respectively having the 
through hole B13c1 or B13c2. This eliminates a difficult 
and troublesome work for forming a through hole in a 
sheet-shaped clad. 

[Embodiment 14] 

[0152] Referring to Fig. 45, explanation will be given 
on a fourteenth embodiment, wherein the second clad 
B9d of the eleventh embodiment is made in a different 
way. That is, the second clad B9d is constituted by six 
members having different thickness values. The two 
cores B7a and B7b and the first clad B5 are identical to 
those of the Embodiment 1 1 . 

[0153] In this embodiment, firstly, the through hole 
B13d is defined: by two shorter dads B9d1 which are 
arranged in their length direction (in series) at a dis- 
tance corresponding to the length of the through hole 
B13d; and intermediate dads B9d2, each having a 
length almost identical to the cores B7a and B7b and 
arranged to sandwich the shorter dads B9d1. Thus, the 
through hole B13d is defined by the shorter dads B9d1 
and the intermediate dads B9d2. 
[0154] Here, the shorter dads B9d1 and the interme- 
diate dads B9d2 have different thickness values. That 
is, each of the intermediate ciads B9d2 has a thickness 
smaller than that of the shorter dads B9d1 by a value 
corresponding to the thickness of the cores B7a and 
B7b. That is, when the cores B7a and B7b are angaged 
with the intermediate dads B9d2, the total thickness is 
identical to the thickness of the shorter dads B9d1. 
[0155] Moreover, the intermediate dads B9d2 are 
sandwiched are sandwiched by longer dads B9d3 hav- 
ing a length almost identical to the length of the cores 
B7a and B7b and a thickness identical to the thickness 
of the shorter dads B9d 1 . 

[0156] Accordingly, when the cores B7a and B7b, the 
shorter dads B9d1, the intermediate dads B9d2, and 
the longer B9d3 are all attached to one another, it is 
possible to obtain a sheet-shaped member having a 
predetermined thickness. By attaching this sheet- 
shaped member to the first clad B5, it is possible to 
obtain an SPR sensor cell like the SPR sensor of 
Embodiment 11. 

[0157] This embodiment increases the steps of 
attachment but does not need the formation of th 
grooves B11a, B11b, or th formation of th through 



hole B13. Especially if the dads are made from glass, 
cracks may b caused wh n forming th groov s B1 1a, 
B1 1b and th through hole B13, thus lowering the pro- 
duction yi Id. On the other hand the SPR s nsor cell 
5 according to the pr s nt embodiment has no such prob- 
lem. 

[Embodiment 15] 

w [0158] Referring to Fig. 46, explanation will be given 
on a fifteenth embodiment. 

[01 59] Embodiment 1 5 has a configuration identical to 
Embodiment 1 2 except for that the first dad B5e and the 
second clad B9e including the shorter dads B10e1 and 
15 the longer dads B10e2 all have end surfaces obscured, 
or covered by aluminum (Al) coating, or painted with a 
black paint. 

[0160] When one of these processes is performed, it 
becomes difficult for light to pass through these end sur- 
20 faces, and the fight is introduced only into the cores 
B7a, B7b. If the light passes through other than the 
cores B7a, B7b, the light may come into the cores B7a 
and B7b, which may lower the immunoassay accuracy 
(sensitivity). 

25 [0161] The light-passing inhibiting process may be 
other than those aforementioned. For example, it is also 
possible to attach a plate-shaped member (made from 
rubber or plastic for example) to the end surfaces of the 
clads. The material may be anything if it makes light- 

30 passing difficult. 

[0162] Fig. 47 shows the SPR sensor cell B3e accord- 
ing to this embodiment when light is introduced for 
immunoassay. This SPR sensor cell has two cores B7a 
and B7b, and the light is introduced simultaneously into 

35 two of the cores B7a and B7b (as shown by a dotted line 
of ellipse). 

[0163] When the light is simultaneously introduced 
into the two cores B7a, B7b, it is possible to use only 
optical system including a light source and a converging 

40 lens. If an antibody is fixed to each of the cores B7a, 
B7b, it is possible to improve the immunoassay accu- 
racy (sensitivity). Moreover, if different antibodies are 
fixed in the cores B7a and B7b, it is possible to simulta- 
neously perform a sample immunoassay for different 

45 antigens. 

[0164] Moreover, it is possible to successively intro- 
duce light in the core B7a and B7b, thus enabling to per- 
form two immunoassay processes for one sample. 
Alternatively, it is possible one or the cores as a refer- 
so ence. 

[0165] Furthermore, immunoassay results can be 
obtained as a change in wavelength distribution of the 
light coming out from the SPR sensor cell. For example, 
when an antibody is fixed in both of the cores B7a and 
55 B7b, the light emitted from these cores B7a and B7b is 
collected into one to be subjeded to wavelength distri- 
bution analysis using one sp ctrometer. On the oth r 
hand, wh n different antibodies are fix d in the cor s 
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B7a and B7b, it is n cessary to p rform immunoassay 
separately from each oth r. In this case, the optical 
waveguid is switched between the cores B7a and B7b 
and wav length distribution is determined using one 
spectrometer. 5 
[0166] Mor over, if It is possible to use a plurality of 
spectrometers, they can be arranged corresponding to 
the cores B7a and B7b, respectively. Thus, it is possible 
to simultaneously perform an immunoassay for each of 
the cores B7a and B7b. w 

[Embodiment 16] 

[0167] Fig. 48 is a perspective view of an SPR sensor 
cell according to a sixteenth embodiment of the present 15 
invention. This embodiment is characterized in that 
there are provided five cores B7a to B7e and four 
through holes B13f1 to B13f4. That is, the through hole 
B13f1 is formed between the adjacent cores B7a and 
B7b, and the through hole B13f2 is formed between the 20 
cores B7b and B7c. Thus, the five cores B7a to B7e 
alternate with the four through holes B13f1 to B13f4. 
[0168] This configuration of the SPR sensor cell has 
an advantage as follows. A part of the surface of the 
core B7a exposed to the through hole B13f1 serves as 
an SPR sensing portion. Similarly, a part of the surface 
of the core B7b exposed to the through hole B13f1 also 
serves as an SPR sensing portion. In addition to this, a 
part of the surface of the core B7b exposed to the 
through hole B13f2 also serves as an SPR sensing por- 
tion. The same applies to the other holes and cores. 
[0169] In this embodiment, the five cores B7a to B7e 
and the four through holes B13f constitute quasi-eight 
SPR sensing portions. Note that although each core 
has an SPR sensing portion at two sides, the light com- 
ing from the core is subjected a wavelength distribution 
analysis by one spectrometer. Actually, it is impossible 
to simultaneously perform eight immunoassays. It can 
be considered to fix one and the same antibody to the 
SPR sensing portions of a single core, so as to improve 
the immunoassay accuracy. 

[0170] In this embodiment, the number of through 
holes is smaller by one than the number of cores. How- 
ever, the present invention is not to be limited to such a 
configuration. That is, the number of through holes may 
be greater than the number of the cores by one. For 
example, if there are provided five cores and six through 
holes. Two sides of each core, i.e., 10 sides can be used 
as the SPR sensing portions. 
[0171] Moreover, the number of cores is not to be lim- 
ited to five, but may be three, four, or six or more. Note 
that it is also possible to further provide cores under the 
through holes. That is, by exposing three cores to each 
of the through holes, it is possible to perform a number 
of immunoassays. 

[0172] It should be noted that in the aforementioned 
Embodiments 11 to 16, th light introduced into th SPR 
sensor cell for immunoassay is emitted out from the 



opposite side of the SPR sensor cell. However, th 
pr sent inv nti n is not to b limit d to such a configu- 
ration. For xampl , it is possible to cover the opposit 
nd (second nd) of the core with a thin m tal film made 
from Agorthelik byd p siti n,sothatth second end 
of the cor is us d as a reflection surface f th light. 
When the second end has a reflection surface, the light 
introduced from one end (first end) causes the surface 
plasmon resonance at the center portion of the core and 
the light is reflected by the thin metal film 61 of the sec- 
ond end. 

[0173] By analyzing the light reflected by the thin 
metal film at the second end, it is possible to identify a 
particular wavelength whose intensity has been low- 
ered. When the thin metal film is present, so as to reflect 
the light, the light intensity is further lowered because 
the light causes a surface plasmon resonance not only 
when reaching the second end but also when coming 
back from the second end. Thus, the SPR sensor cell 
substantially improves its sensitivity. 

[Embodiment 17] 

[0174] Description will now be directed to Embodi- 
ment 17 with reference to Fig. 49. 
[0175] Fig. 49 shows an entire configuration of an 
immunoassay apparatus C1, which comprises: a white 
LED lamp as a light source C1 1 ; an SPR sensor cell C3 
for introducing light so as to generate a surface plasmon 
resonance (SPR); and light analyzing means C49. 
These components will be detailed below. 
[0176] Firstly, explanation will be given on the light 
source C11 for emitting light L for immunoassay. The 
light source C11 is a white LED lamp for emitting the 
light L having a predetermined wavelength distribution. 
The immunoassay apparatus C1 according to the 
present embodiment of the invention analyzes a light 
wavelength distribution change before and after an 
immune reaction so as to identify the immune reaction. 
Accordingly, it is preferable that the light source C1 1 can 
emit light L having a stable wavelength distribution. The 
white LED lamp on market normally has a wavelength in 
the order from 450 nm to 750 nm. Note that the light 
source C11 may be other than the aforementioned 
white LED lamp if it can emit light of a predetermined 
wavelength. 

[0177] Fig. 50 shows a directivity (light emission 
angle) of the white LED lamp which is 20 to 60 degrees. 
This is different from a halogen lamp having an emis- 
sion angle of 180 degrees or more. Here, the emission 
angle is determined at an intermediate point in the 
emission direction of a portion having a predetermined 
luminance. When using the light source C11 having a 
high directivity, a converging lens which will be detailed 
later may not be needed. It should be noted that there is 
also a white LED lamp having an emission angle in the 
order of 140 d gr es. Such a whit LED lamp can b 
used when applying th light L to a plurality of cores of 
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the SPR sensor ceil C3. 

[0178] Wh n using a white LED lamp, th cost is 
about 1/10 of a halogen lamp, and pow r consumption 
is about 1/30 of the halog n lamp. The drive voltage of 
the white LED lamp is also sufficiently low nabiing to 
use a battery. It is also possible to reduce the entir size 
of the immunoassay apparatus. 
[0179] In the light analyzing means C49 shown in Fig. 
49 analyzes a wavelength distribution of the incident 
light L. More specifically, a wavelength distribution prior 
to an immunoassay is checked beforehand. That is, a 
wavelength distribution is measured with no sample (or 
a sample containing no antigen) in the sample reservoir. 
Next, a sample to be measured is introduced into the 
sample reservoir 14 to cause an immune reaction. After 
this, the wavelength distribution after the immune reac- 
tion is checked. According to a difference between the 
wavelength distributions before and after the immune 
reaction, it is possible to decide whether an immune 
reaction has been actually present or to determine the 
immune reaction state. 

[01 80] For the actual determination of the wavelength 
distribution, a spectrometer is used. 
[01 81] Moreover, instead of using a spectrometer, it is 
also possible to use a photo diode. In this case, a filter 
is mounted to pass a particular wavelength assumed to 
be attenuated by the immunoassay. Alternatively, it is 
also possible to provide a plurality of photo diodes and 
filters for the respective photo diodes so as to pass light 
of different wavelength, so that attenuation of each of 
the wavelengths can be determined for an immu- 
noassay. 

[01 82] Fig. 51 is a perspective view of modified exam- 
ples of the SPR sensor cell. These sensor cells C3C 
and C3D are subjected to a surface processing exclud- 
ing the end surfaces of the cores C7 and C7a. More 
specifically, the first clad, the second clad, and the inter- 
mediate clad have end surfaces processed so that light 
cannot pass through. For example, the end surfaces are 
processed to be obscured by sand blast or the like, or 
covered with an aluminum (Al) coating, ore painted with 
a black paint. 

[Embodiment 18] 

[0183] Fig. 52 and Fig. 53 shows an entire configura- 
tion of an immunoassay apparatus C1D according to 
Embodiment 18 of the present invention. This embodi- 
ment is characterized in that the SPR sensor cell C3D 
has a plurality of sample reservoirs C14 as will be 
detailed below. 

[01 84] Firstly, the SPR sensor cell C3D has eight sam- 
ple reservoirs C14. Correesponding to the eight sample 
reservoirs C14, eight cores C7 are mounted. In this 
embodiment the cores C7 constitute the bottom of the 
sample reservoir 14. Thus, the bottom serves as an 
SPR sensing portion C8. The SPR sensing portions, as 
has been d scribed above, is constituted by a thin metal 



film and a dielectric film, to which an antibody ( r anti- 
gen) is fixed. 

[0185] It should be noted that in th immunoassay 
apparatus C1D of the pr sent mbodiment, ight cores 

5 7 are arranged in parall I to on another on th first clad 
C5d, and intermedial clads C6d ar mount d b tween 
the respective cores and at positions to sandwich the 
outer cores. Then, the second clad C9d is mounted on 
the cores and and the intermediate clads C6d. 

io [0186] Moreover, the immunoassay apparatus C1D 
includes a light source (white LED lamp) C11, a con- 
verging lens C53, a receptacle C55, and an optical fiber 
C51d for each of the cores C7. That is, there provided 
eight sets of these members. 

15 [01 87] Each of the optical fibers C51 d is connected to 
an optical coupler C86. This optical coupler transmits 
the light from the eight optical fibers C51d to the light 
analyzing means (Spectrum Anlyzer). Here, the white 
LED lamps are turned on one after another so that the 

20 lights passing through the cores C7 are successively 
transmitted to the optical analyzing means. 
[0188] When using the SPR sensor cell C3D having a 
plurality of cores C7, it is possible to perform in a short 
time a series of immunoassay for various samples (dif- 

25 ferent antigens or antibodies). 

[0189] Thus, the case of eight cores C7 has been 
explained. However, the number of cores may be two to 
seven or more than nine. In such a case, the number of 
the converging lenses C53 and the optical fibers 51 d 

30 should be determined according to the number of cores. 

[Embodiment 19] 

[0190] Fig. 54 schematically shows an immunoassay 
35 apparatus C1E according to Embodiment 19 of the 
present invention. This immunoassay apparatus has 
almost identical configuration as the immunoassay 
apparatus of Embodiment 18 except for that a converg- 
ing lens is provided between each of the light sources 
40 C11 and the SPR sensor cells C3E. In this configura- 
tion, the light emitted from the light source C1 1 can be 
effectively collected to be introduced into the SPR sen- 
sor cell C3E. 

45 [Embodiment 20] 

[0191] Fig. 55 schematically shows an immunoassay 
apparatus C1F according to Embodiment 20 of the 
present invention. This immunoassay apparatus has 

so almost identical configuration as the immunoassay 
apparatus of Embodiment 19 except for that an optical 
fiber C51b is provided between each of the light sources 
C1 1 and the SPR sensor cells C3F. In this configuration, 
it is possible to arrange the light source C1 1 and the 

55 SPR sensor cell C3F at a certain distance, thus ena- 
bling various configuration for reducing the entire size of 
theimmun assay apparatus C1 F. 
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[Embodiment 21] 

[0192] Fig. 56 schematically shows an ntire configu- 
ration of an immunoassay apparatus C1G according to 
Embodiment 21 of the present inv ntion comprising an s 
SPR sensor cell C3G having a plurality of sample reser- 
voir 14 and a set of light source C11 and a converging 
lens C53. 

[0193] In an actual immunoassay, the SPR sensor cell 
C3G is moved so that different samples reservoirs 14 w 
are subjected to the immunoassay. 
[0194] The SPR sensor cell C3G used in this embod- 
iment has eight cores and eight sample reservoirs C14 
corresponding to the respective cores. The SPR sens- 
ing portion is identical to the aforementioned SPR sens- 15 
ing portion. The SPR sensor cell C3G is mounted on a 
predetermined cell movement mechanism C75. This 
cell moving mechanism 75 shifts the SPR sensor cell 
C3G in the direction of the core arrangement. More spe- 
cifically, the SPR sensor cell C3G is moved along two 20 
rails C74. 

[0195] Moreover, the cell moving mechanism C75 has 
predetermined stop positions where the respective 
cores or the SPR sensor cell C3G can be stopped. 
Actually, in order to move the SPR sensor cell C3G an 25 
external force should be applied to the SPR sensor cell 
C3G. For example, a wire or belt may be attached to the 
SPR sensor cell C3G to move, or the rail C74 may be 
constituted by a ball bearing screw so that the rail 74 is 
rotated to move the SPR sensor cell C3G. 30 
[0196] On the other hand, it is also possible to fix the 
SPR sensor cell C3G while moving the set of the light 
source C1 1 and the converging lens C53. Here, with the 
movement of the converging lens, the receptacle C55 is 
also moved. Since the receptacle C55 is connected via 35 
an optical fiber C51 to the light analyzing means C49, 
the receptacle can be moved with a great flexibility. It 
should be noted that when moving the set of the light 
source C1 1 and the converging lens C53, it is neces- 
sary to maintain the optical system setting such as a aq 
distance between the light source C11 and the SPR 
sensor cell C3G, and the distance between the converg- 
ing lens 53 and the SPR sensor cell C3G. 

[Embodiment 22] 45 

[0197] Fig. 57 schematically shows an entire configu- 
ration of an immunoassay apparatus C1H according to 
Embodiment 21 of the present invention. Embodiment 
22 has an identical configuration as Embodiment 21 50 
except for that a converging lens C53b is provided 
between the light source C11 and the SPR sensor sell 
C3H. This converging lens C53b converges the light L 
emitted from the light source (white LED lamp) C1 1 so 
as to effectively introduce the light into a core. 55 
[0198] The converging lens C53b has a diameter and 
curvature determined in accordanc with th emission 
angle (directivity). Note that in this embodiment, the 



converging lens C53b all cat d betw en the SPR sen- 
sor cell C3H and the r ceptacl C55 is identical to th 
converging lens C53 allocat dbetw en the SPR sensor 
cell C3H and the receptacle C55. Howev r, the converg- 
ing lenses C53 and C53b may also b different accord- 
ing to th characteristics fth white LED lamp and th 
SPR sensor cell C3. 

[Embodiment 23] 

[0199] Fig. 58 schematically shows an entire configu- 
ration of an immunoassay apparatus C1I according to 
Embodiment 23 of the present invention. Embodiment 

23 has an identical configuration as the Embodiment 22 
except for that an optical fiber C51 b is provided between 
the light source C1 1 and the SPR sensor cell C3I. when 
the optical fiber C51b is provided between the light 
source C11 and the SPR sensor cell C3I, it is possible 
to arrange the light source at a distance from the SPR 
sensor cell C3I. This enables to arrange the immu- 
noassay apparatus C1I in various way so as to reduce 
the entire size of the immunoassay apparatus. 

[Embodiment 24] 

[0200] Description will now be directed Embodiment 

24 with reference to Fig. 59. 

[0201] Fig. 59 is a perspective view of the SPR sensor 
according to Embodiment 24. The SPR sensor of this 
embodiment uses an optical waveguide (core). More 
specifically, the SPR sensor D3 is constituted by a 
sheet-shaped first clad (substrate) D5 f a core D7 
arranged on this first clad, and two intermediate dads 
D6 to sandwich this core D7 from both sides, and a sec- 
ond clad (upper plate) D9 to cover the core D7 and the 
intermediate clad D6. It should be noted that the optical 
waveguide may be planer type, strip type, embedded 
type, lens type, or the like. 

[0202] The first clad D5 is made from glass or the like 
and formed into a thin sheet shape. The core D7 is 
placed on this first clad D5. The core extend over the 
entire length of the SPR sensor cell D3. This core is 
made from glass, plastic, or the like. 
[0203] The core D7 may be attached to the first clad 
D5 using an adhesive or by way of heating for melting 
the boundary surfaces between the first clad D5 and 
core D7. The same applies to the mounting of the sec- 
ond clad D9 on the core D7 and the intermediate clad 
D6. When an adhesive is used, light attenuation by the 
adhesive should be considered, and it is necessary to 
use an adhesive having a lower refraction factor than 
the refraction factor of the cores D7. 
[0204] More specifically, it is possible to use a UV 
adhesive. Alternatively, it is also possible to use a so- 
called matching oil for attaching the core D7 to the 
dads. In this case, too, the refraction factor should be 
corr ctlysel ct d. 

[0205] Th intermedial dads D6 is arrang d so as to 
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sandwich the core from both sid . These intermediate 
dads D6 hav a thickness identical to that of the core 
D7. Accordingly when th cor D7andthe int rm diat 
dads D6 are attached to on another, they constitute a 
sheet-snap d member having a uniform thickness. 
[0206] Moreover, a pr det rmin d through hoi D13 
is formed at the center of the second clad D9. The 
through hole extends from the upper surface of the sec- 
ond clad D9 reaches the upper surface of the core D7. 
Accordingly, a part of the surface of the core D7 is 
exposed to the through hole D13. This part of the core 
D7 corresponding to the through hole D13 is covered 
with a thin metal film as will be detailed later. 
[02071 Here, the through hole D13 may be formed by 
drilling the second clad D9 of a single sheet shape. That 
is, the through hole D13 may be formed by using a pre- 
determined drilling machine. 

[0208] The through hole D13 thus prepared and the 
surface of the core D7 constitute a void space of a rec- 
tangular parallelopiped. This void space serves as a 
sample reservoir for an immunoassay. 
[0209] It should noted that instead of drilling the sec- 
ond clad D9 of a single sheet, it is possible to constitute 
the sheet by combining a plurality of members. In this 
case the step of drilling the through hole is not neces- 
sary. Moreover, it is preferable to constitute the second 
clad D9 and the intermediate ctad D6 as a unitary block. 
This reduces the number of steps of assembly. 
[0210] Moreover, in the core D7 having a rectangular 
cross section, the two opposing side surfaces to be 
attached to the intermediate ctads are subjected to a 
predetermined surface treatment. More specifically, two 
opposing side surfaces of the core D7 having no SPR 
sensing portion are obscured, or coated with an alumi- 
num (Al) coating or black paint. Such a surface treat- 
ment prevents light reflection from the aforementioned 
side surfaces of the core D7. 

[0211] With the aforementioned surface treatment, it 
is possible to emit from the SPR sensor cell only the 
light reflected by the SPR sensing portion and the side 
surface opposing to SPR sensing portion. This light is 
subjected to an analysis by the light analyzing means, 
so as to determine only the wavelength distribution of 
the light used for the surface plasmon resonance. 
[0212] In this embodiment, two side surfaces of the 
core are subjected to the surface treatment. However, 
the present embodiment is not limited to the aforemen- 
tioned. For example, if the SPR sensing portion is 
formed on the upper surface of the core, the lower side 
surface of the core may be subjected to the surface 
treatment. 

[0213] In a case when the side surfaces of the core 
are already obscured when produced, there is no need 
of surface treatment (polishing). That is, it is possible to 
polish only the side surface corresponding to the SPR 
sensing portion and a surface opposing to it. Thus, if a 
core has obscur d side surfaces when produced, what 
is needed is only t polish a necessary side surface. 



This reduces the total number of steps for production. 
[0214] Here, a light portion which has entered the core 
D7 and is r fleeted by th SPR s nsing portion and the 
surface opposing t it. On the oth r hand, almost all of 
light portions which have reached th obscur d side 
surfaces are n t reflected. Thus, th light portions not 
used for surface plasmon resonance are eliminated. 
[0215] The light emitted from the SPR sensor cell is 
introduced into the light analyzing means so as to deter- 
mine a wavelength distribution of the light L after an 
immune reaction to be compared to a wavelength distri- 
bution when no immune reaction is caused. 
[0216] Thus, explanation has been given on a case 
that a low-reflection surface is formed on the core D7 of 
the SPR sensor cell D3. However, it is also possible to 
perform the surface treatment on the clads. When the 
low-reflection surface is formed on the clads, it is possi- 
ble to obtain the same effect as when the low-reflection 
surface is formed on the core. 

[Modified Example 1 of Embodiment 24] 

[0217] Next, referring to Fig. 60, explanation will be 
given on a modified example of the SPR sensor cell. 
The sensor cell D3b differs from the SPR sensor cell of 
the aforementioned sensor cell in that two cores are 
used. 

[0218] More specifically, this SPR sensor cell D3b is 
constituted by: a sheet-shaped first clad (substrate) D5, 
two cores D7a and D7b mounted on this first clad Dd5; 
a center clad D6b sandwiched by the cores D7a and 
D7b; side clads D6a to sandwich the two cores D7a and 
D7b from outside; and a second clad (upper plate) D9 to 
cover the cores D7a, D7b, the center clad D6b and the 
side clads D6a. 

[0219] Moreover, the center clad D6b is divided into 
two blocks so as to define a void space between them. 
This void space corresponds to the predetermined 
through hole D13b formed at approximately center of 
the second clad D9. More specifically, the through hole 
extends from the upper surface of the second clad to the 
position defined by the two cores D7a and D7b. That is, 
the cores D7a and D7b are arranged at a predeter- 
mined distance from each other and parallel to each 
other. The through hole D13 has a width approximately 
identical to the distance between the cores D7a and 
D7b. Accordingly, a part of surfaces of the cores D7a 
and D7b are exposed to the through hole D13b. 
[0220] Because the second clad 09 is constituted as 
described above, a void space of recctangular parallel- 
opiped is defined by the through hole 013b of the sec- 
ond clad D9, two cores D7a and D7b, the center clads 
D6b, and the surface of the first clad D5. This void 
space serves as a sample reservoir for containing a 
sample for immunoassay. The side of the SPR sensor 
cell core which is exposed to the sample reservoir 
serv s as an SPR sensing p rti n. M re specifically, 
tw pposing side surfaces facing the sample reservoir 
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resp ctiv ly serve as th SPR sensing portions. 
[0221] On the other hand, th upper and lower sur- 
faces of the respective cores have b n subjected t a 
surface tr atmentsoast hav a low-refiecti n surface. 
More sp cifically, th upper and low r surfaces of the 
cores sh wn in Fig. 60C hav a low-reflection surface. 
On the contrary, the side surfaces of the sensing portion 
and the side surface opposing to it have a normal sur- 
face. That is, the surfaces other than the SPR sensing 
portion and its opposing surface are made to have a low 
reflection, which in turn enables to improve the immu- 
noassay. 

[Modified Examples 2 and 3 of Embodiment 24] 

[0222] Fig. 61 is a perspective view of another modifi- 
cation of the SPR sensor cell according to Embodiment 
24. The SPR sensor cell shown D3C shown in Fig. 61 A 
has one core and the SPR sensor cell D3D shown in 
Fig. D61B has two cores. In these SPR sensor cells, 
surface treatment has been performed to the end sur- 
faces excluding the end surface of the cores. More spe- 
cifically, the first clad, the second clad, and intermediate 
clad have end surfaces subjected to surface treatment 
so that light cannot pass. The surface treatment may be 
obscuring by sand blast or the like, or coating with alu- 
minum (Al) or applying a black paint. 
[0223] When such a surface treatment has been per- 
formed, the light comes into only the cores D7 and D7a. 
if the light passes through the end surfaces of the dads, 
the light may come into the cores D7 and D7a, which 
may lower the immunoassay accuracy (sensitivity). 

[Embodiment 25] 

[0224] Description will now directed to an immu- 
noassay apparatus according to Embodiment 25 with 
reference to Fig, 62, Fig. 63. And Fig. 64 shows modifi- 
cation of immunoassay apparatus shoving in Fig 62. 
[0225] This immunoassay apparatus is characterized 
in that the SPR sensor cell has a plurality of sample res- 
ervoirs. Hereinafter, the SPR sensor cell will be 
detailed. 

[0226] Firstly, the SPR sensor has eight sample reser- 
voirs D14 and eight cores D7 corresponding to the 
respective sample reservoirs D14. In this embodiment, 
each of the cores D7 constitutes the bottom of the 
respective sample reservoirs D14. This bottom serves 
as the SPR sensing portion D8. In this SPR sensing 
portion D8, a thin metal film and dielectric film are 
formed, and antibody (or antigen) is fixed. 
[0227] It should be noted that in the immunoassay 
apparatus D1D according to the present embodiment, 
the eight cores D7 are arranged on the first clad D5 in 
parallel to one another, and intermediate clads are 
arranged between adjacent cores D7 and also arranged 
outside so as to sandwich th cores D7. These cores 
D7 and the intermedial clads D6d are cov red by the 



second clad D9d. 

[0228] Th afor mentioned surface tr atm nt has 
been p rfbrmed to th side surfaces of the cores which 
side surfaces (16 in total) ar in contact with the inter- 

5 mediate clads D6d, so that th s sid surfaces have a 
low refl ction ratio. The surface tr atment may be 
obscuring by sand blast or the like, or coating with an 
aluminum (Al) coating, or application of a black paint. All 
of the cores D7 have identical characteristics. 

w [0229] Moreover, in the immunoassay apparatus D1 D, 
for each of the cores D7, there are provided a light 
source (white LED lamp) D1 1 , a converging lens D53, a 
receptacle D55, and an optical fiber D51d. That is, there 
are provided eight such sets. Each of the optical fibers 

15 D51d is connected to an optical coupler D86. This opti- 
cal coupler D86 receives light from the eight optical fib- 
ers D51d and transmit the light to a light analyzing 
means. 

[0230] When using the SPR sensor cell D3D having a 
20 plurality of cores D7, it is possible to perform a plurality 
of assays (for different antigens or antibodies) in a short 
time. In this embodiment, eight cores D7 are provided. 
However, the number of cores D7 may be two to seven 
or more than eight. In such case, it is necessary to pro- 
25 vide a corresponding number of sets of the light source 
D1 1, the converging lens 53, and the optical fiber D51d. 
[0231] In Fig. 64, the immunoassay apparatus D1G 
use same SPR sensor cell D3G above described SPR 
sensor cell D3D. But immunoassay apparatus D1G 
30 uses two parallel rails to move the SPR sensor cell 
D3G. 

[Embodiment 26] 

35 [0232] Description will now be directed to Embodi- 
ment 26 with reference to Fig. 65 to Fig. 70. 
[0233] Fig. 65 is a perspective view of an SPR sensor 
cell according to this embodiment. The SPR sensor cell 
E3 according to this embodiment uses an optical 

40 waveguide (core). More specifically, the SPR sensor E3 
is constituted by: a sheet-shaped first clad (substrate) 
E5; a sheet-shaped core E7 placed on the first clad; and 
a second clad (upper plate) E9 placed on this core E7. 
Note that the optical waveguide may be a plane type, 

45 strip type, embedded type, lens type, or the like. 

[0234] The first clad E5 is made from glass or the like 
and formed into a thin plate. The first clad E5 has an 
upper surface polished smooth because the core E7 is 
mounted on this first clad E5. The lower surface and 

so side surfaces or the end surfaces of this first clad E5 
may not be polished. This is because no light should 
need not be introduced from the end surface of the first 
clad E5. 

[0235] The core E7 is a sheet-shaped member made 
55 from glass, plastic, or the tike for passing the light for 
immunoassay. The core E7 has a width and length 
approximately identical to the width and length f the 
first clad E5. Accordingly, the core E7 cov rs the ntire 



21 



41 



EP0 971 226 A1 



42 



surface of th first clad E5. Moreover, the cor E7hasa 
lower surface which is polish d smooth so as to be in 
complete contact with th first clad E5. The core end 
surfaces from which the light comes in and goes out ar 
also polish d smooth. When mounting th cor E7 n 
the first clad E5, it is possible to us an adhesiv r to 
use heat to melt the boundary portion. 
[0236] It should be noted that an adhesive is used to 
attach the core E7 onto the first clad E5, it is necessary 
to consider a light attenuation by the adhesive. That is, 
it is necessary to use an adhesive having a lower refrac- 
tion factor than that of the core E7. For example, it is 
possible to use a UV adhesive. 
[0237] Moreover, it is possible to use a so-called 
matching oil for attaching the core E7 to the respective 
dads. In this case also, the refraction factor should be 
considered. 

[0238] Moreover, the core E7 has an upper surface 
which is also polished smooth, so that a second clad E9 
can be attached to the upper surface of the core E7. 
And each end of the core E7 is also polished. But it is 
not need to polish each side surface. 
[0239] The second clad E9 is also sheet-shaped 
member made from glass or plastic and has width and 
length almost identical to the core E7. The lover surface 
of the second clad E9 is also polished smooth and 
attached to the upper surface of the core E7. But it is not 
need to polish each end of the second clad E9. And also 
it is not need to polish upper surface and side surface of 
the second clad E9. 

[0240] Moreover, a predetermined through hole E1 3 is 
formed approximately at the center of the second clad 
E9. More specifically, the through hole E13 extends 
from the upper surface of the second clad E9 to the 
upper surface of the core E7. Accordingly, a part of the 
upper surface of the core E7 is exposed to this through 
hole E13. The surface of the core E7 exposed to this 
through hole E13 has a thin metal film so as to serve as 
an SPR sensing portion E8 as will be detailed later. 
[0241] Next explanation will be given on the relation- 
ship between the refraction factors of the first clad E5, 
the second clad D9, and the core E7. In the SPR sensor 
E3, the first clad has a refraction factor n1, the core has 
a refraction factor n2, and the second clad has a refrac- 
tion factor n3 defined as follows. 

n2 > n3 = n1 or 

n2> n3 and n2 > n1 

[0242] When this relationship is satisfied, the light 
introduced into the core E7 advances in the core while 
being totally reflected repeatedly. 
[0243] When the core is constituted by a single sheet- 
shaped member, it is possible to obtain following advan- 
tage compared to a combination of a plurality of mem- 
b rs. That is, wh n polishing a cor surface, it is 
possible to polish th entire core surface as a single 



step. More ver, there is no need of combining a plurality 
f members, or a pr cision processing f the contact 
surfaces. Accordingly, it is possible to reduce the pro- 
duction cost of the SPR sensor cell. Moreover, it is pos- 
5 sible to suppr ss irr gularities In the performance of the 
SPR sens rs. 

[0244] Next, explanation will be given on a sample 
reservoir E14, serving as or including an SPR sensing 
portion E8. 

10 [0245] Fig. 66 is a cross sectional view of the SPR 
sensor cell E3. The core E7 surface exposed to the 
through hole E13 is coated by a thin metal film E15 and 
a dielectric film E17, and an antibody (or antigen) is 
arranged on this dielectric film E17. The thin metal film 

15 may be formed before or after the second clad is 
mounted on the core E7. 

[0246] Next, explanation will be given on the function 
of the SPR sensor cell E3. Firstly, a sample containing a 
predetermined antigen is introduced into the sample 

20 reservoir E14 of the SPR sensor cell E3. If the sample 
contains an antigen specifically reacting to the antibody 
E19, an immune reaction is caused, which in turn 
causes a surface plasmon resonance in the SPR sens- 
ing portion E8. This reduces the light intensity of a par- 

25 ticular wavelength causing the surface plasmon 
resonance. 

[0247] Among the light portions introduced into the 
core E7, the light portion L having a relation with the 
surface plasmon resonance passes through the core E7 
30 and comes out of the SPR sensor cell. This light portion 
L is introduced into a light analyzing means. The light 
wavelength distribution is different before and after the 
immune reaction. 

[0248] Next, explanation will be given on an immu- 

35 noassay apparatus E1 using the SPR sensor cell E3 
according to the present invention, referring to Fig. 67. 
[0249] Fig. 67 schematically shows the entire config- 
uration of the immunoassay apparatus E1. Fig. 67A is a 
side view and Fig. 67B is a plan view of this immu- 

40 noassay apparatus E1. As shown here, a light source 
E1 1 is provided in the vicinity of the SPR sensor cell E3. 
A converging lens E53b is also provided between the 
SPR sensor cell E3 and the light source E1 1 . Moreover, 
on the opposite side of the SPR sensor cell E3, a con- 

45 verging lens E63, an optical fiber E51, and a light ana- 
lyzing means E49 are arranged in this order. Note that 
the light which has passed through the converging lens 
E53 is introduced into the optical fiber D51 via a recep- 
tacle E51 and an optical connector E57. 

so [0250] Furthermore, a pin hole plate E52b is provided 
between the SPR sensor cell E3 and the converging 
lens E53b. This pin hole plate is used to improve paral- 
lelism of the light which has been converged by the con- 
verging lens E52b. 

55 [0251] Fig. 68A shows a pin hole plate E52b having a 
single pin hole, and Fig. 68B shows a pin hole plate hav- 
ing a plurality of pin hoi s. The latter is used in an immu- 
noassay apparatus having a plurality of light sources a 
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will b detail d later. 

[0252] M reov r, Fig. 69 shows a light from th light 
source E11 which is converg d by the converging lens 
E53 and pass s through the pin hole plate E52b before 
entering th core E7. Fig. 69 shows a case when th 5 
light from th light source E1 1 is conv rged by the con- 
verging lens E53 to a diameter equal to or slightly 
smaller than the diameter of the pin hole of the pin hole 
plate E52b. In this case, reduction of the light intensity is 
very small and it is possible to obtain an immunoassay w 
of high accuracy. 

[0253] Moreover, Fig. 70 shows a case when the light 
from the light source E1 1 is converged by the converg- 
ing lens E53 to a diameter slightly greater than the 
diameter of the pin hole of the pin hole plate E52b. In is 
this case, setting of the optical axis with respect to the 
pin hole becomes easier. Even if the optical axis is 
slightly shifted, the light can fill the entire pin hole, and 
the light necessary for an immunoassay can reach the 
core E7. 20 

[Modified Examples of Embodiment 26] 

[0254] Fig. 71 shows a modified example of the SPR 
sensor cell of Embodiment 26. This SPR sensor cell 25 
E3B has eight sample reservoirs. More specifically, a 
core E7B is placed on the first clad E5B, and on the 
upper surface of this core E7B, the second clad E9B is 
mounted. The second clad E9B has eight through holes 
E13 reaching the upper surface of the core E7B. That is, 30 
the upper surface of the core E7B serves as the bot- 
toms the sample reservoirs. These bottoms serve as 
the SPR sensing portion. Similarly as in the aforemen- 
tioned embodiment 26, the sensing portion is consti- 
tuted by the core surface coated with a thin metal film 35 
and a dielectric film to which an antibody (or antigen) is 
attached. 

[0255] When using the SPR sensor cell E3B having a 
sheet-shaped core E7B and a plurality of sample reser- 
voirs, it is possible to perform various immunoassays 40 
(for different antigen or antibody) in a short time. 
Although the explanations has been given for a case 
having eight sample reservoirs, the number of the sam- 
ple reservoirs may be two to seven or more than eight. 
[0256] Fig. 72 shows another modification of the SPR 45 
sensor cell of Embodiment 26. In this example, the core 
E7C has surfaces partially subjected to surface treat- 
ment. More specifically, surface treatment is performed 
to the end surfaces E7C1 from where the light comes 
into the SPR sensor cell and the end surface E7C2 from so 
where the light goes out, excluding center portions cor- 
responding to the position of the through hole E13. The 
surface treatment may be obscuring, or aluminum coat- 
ing, or black paint application. This surface treatment is 
performed so that unnecessary light cannot intrude into 55 
the core E7C. 

[0257] Mor over, th first clad ESC and th s cond 
clad E9C ar also subject d t the surface tr atment. 



Mor specifically, the first clad E5C and the second clad 
E9C have end surfaces which have be n subjected to 
the aforem ntioned surface treatment. This liminates 
unnecessary light coming into th first clad E5C and th 
second clad E9C. If an unn cessary light com s into the 
core E7C, this caus s adv rse affect to the accuracy of 
the immunoassay. 

[0258] Fig. 73 shows a yet another modification of an 
SPR sensor cell E3D having eight through holes E13 
corresponding to eight sensing portions. In this SPR 
sensor cell E3D, the core E7D are partially subjected to 
a surface treatment excluding the positions correspond- 
ing to the respective through holes E13. 
[0259] Fig. 74 shows yet another modification of the 
SPR sensor cell E3D. This SPR sensor cell E3E has a 
core E7E divided into three members which are made 
from an identical light-transparent material. As shown in 
Fig. 74D, the core E7E is constituted by a light-transpar- 
ent core E7a which is sandwiched by the two side cores 
E7b. As shown in Fig. 74F, the light-transparent core 
E7a has two opposing sides which have been subjected 
to a surface treatment so that the light reflection will not 
be caused by these two sides. The side cores E7b are 
attached to these opposing sides of the light-transpar- 
ent core E7a, by using an adhesive or heat for melting. 
And surface treatment is applied to each end surfaces 
of the side cores E7b not to through the light. Also, sur- 
face treatment is applied to side surface of the side core 
E7b not to reflect the light. 

[0260] Fig. 75A shows an SPR sensor cell E3F having 
two light-transparent cores for passing light and four 
non-light-passing cores which are arranged alternately 
as shown in Fig. 75D. More specifically, the non-light 
transparent cores are divided into two longer corers 
E7F1 shown in Fig. 75E and two shorter cores E7F3 
shown in Fig. 75G. The shorter cores E7F3 are 
arranged in the longitudinal direction at a predeter- 
mined distance from each other. These shorter cores 
E7F3 are sandwiched from both sides by the light-trans- 
parent cores E7F2, which are further sandwiched by 
longer cores E7F1. 

[0261] In Fig. 75D, void space serving as a sample 
reservoir is defined by width of the shorter cores and the 
distance between the shorter cores. Each of the light- 
transparent cores E7F2 has one side serving as a wall 
of the sample reservoir. These sides serve as SPR 
sensing portions. Accordingly, the both sides of the 
light-transparent cores E7F2 have been polished 
smooth. On the other hand, the upper and lower sur- 
faces of the light-transparent cores have been sub- 
jected to a surface treatment so as to suppress the light 
reflection. 

[0262] It should be noted that the SPR sensor cell E3E 
shown in Fig. 74 and the SPR sensor cell E3F shown in 
Fig. 75, all the cores excluding the light-transparent 
cores, have end surfaces which have been subjected to 
a surface tr atm nt so as to liminat intrusion of light, 
by way of obscuring, aluminum coating, black paint 
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application, r the lik . 

[0263] Fig. 76 sh ws an SPR sensor cell E3G having 
eight light-transparent cores for passing light, i.e., eight 
of the light-transparent cores E7G2 shown in Fig. 76E, 
which ar alternately arranged with non-light-transpar- 5 
ent intermediate cor s E7G3. Mor over, these alternat- 
ing cores are sandwiched by two non-light-transparent 
side cores E7G1. Each of the light-transparent cores 
has two side surfaces which have been subjected to the 
aforementioned surface treatment. Furthermore, the 10 
intermediate cores and the side cores have end sur- 
faces subjected to the surface treatment. 
[0264] The aforementioned cores, i.e., the light-trans- 
parent cores and non-light transparent cores (interme- 
diate cores and side cores) are attached to one another, 15 
constituting a sheet-shaped core E7G, which is 
attached onto the upper surface of the first clad E5G. 
And the second clad E9G is attached onto the upper 
surface of the cores (assembly) EG7. The second clad 
E7G has through holes 13 at the positions correspond- 20 
ing to the light-transparent cores E7G2. These through 
holes 13 and the upper surface of the light-transparent 
cores E7G2 define sample reservoirs. The surfaces of 
the light-transparent cores E7G2 exposed to the 
through hole E13 are covered with a thin metal film and 25 
a dielectric film (not depicted) so as to serve as the SPR 
sensing portions. With the aforementioned configura- 
tion of the SPR sensor cell, it is possible to successively 
perform eight immunoassays. Note that the number of 
the light-transparent cores E7G2 is not to be limited to 30 
eight but may bee smaller than or greater than eight. 
[0265] As has been described above, the different 
core members may be produced from one and same 
material. This contributes reduction of production cost. 
Moreover, when performing a surface treatment or pol- 35 
ishing for smoothness, it is possible to set like process- 
ing conditions because the material has the same 
characteristics (hardness, fragility, surface smooth- 
ness). 

40 

[Embodiment 27] 

[0266] Fig. 77A is a side view and Fig. 77B is a plan 
view of an immunoassay apparatus E1B according to 
another embodiment of the present invention. This 45 
immunoassay apparatus E1B has almost identical con- 
figuration as the immunoassay apparatus E1 shown in 
Fig. 67, except for that an optical fiber E51b is provided 
between the light source E1 1 and the converging lens 
E53b. More specifically, the light emitted from the light so 
source E11 is convergted by the converging lens E53C 
and passes through the receptacle E55c before coming 
into the optical fiber E51b. 

[0267] The light which has passed through the optical 
fiber then passes through a receptacle E55b and comes ss 
into a converging lens E53b. The converged light further 
passes through a pin hoi plate E52b b for nt ring 
the SPR sensor cell E3. After this, th aforemention d 



process is perform d for an immun assay. 
[0268] When the light s urce E1 1 is conn cted to the 
SPR sensor c II E3 via the optical fiber E51b. The light 
source E11 and the SPR s ns r cell E3 can be 
arranged in various lay uts. Moreover, optical connec- 
tors E55C and E57c are used for conn ction of the opti- 
cal fiber E51b. Accordingly, it is possible to readily 
detach the light source E1 1 and the SPR sensor cell E3. 

[Embodiment 28] 

[0269] Fig. 78 is a plan view of an immunoassay appa- 
ratus E1C comprising an SPR sensor cell E3C having 
two light-transparent cores E7. As shown in this figure, 
a sample reservoir E14 is formed between the two light- 
transparent cores E7. The SPR sensor cell E3C itself 
are mounted on a predetermined pair of rails so as to be 
movable in a direction vertical to the optical axis from 
the light source E1 1 to the SPR sensor cell E3C. 
[0270] Moreover, the SPR sensor cell E3C is sand- 
wiched by two pin hole plates E52a and E52b. The pin 
hole plates are fixed to predetermined positions with 
respect to the light source E1 1 . That is, the SPR sensor 
cell E3C is moved in relation to the pin hole plates E52a 
and E52b. 

[0271] In Fig. 78, one of the two cores E7 is positioned 
to match with the optical axis of the light source E11. In 
this state, the light analyzing means checks the wave- 
length distribution of the light passing through the SPR 
sensor cell E3, thus performing an immunoassay. Next, 
the SPR sensor cell E3 is moved (upward in this figure) 
and stopped where the other core E7 is matched with 
the optical axis of the light source E11 for another 
immunoassay. 

[Embodiment 29] 

[0272] Fig. 79 is a plan view of an immunoassay appa- 
ratus E1D comprising: two light-transparent cores E7, 
two light sources E1 1 , two first converging lenses E53b, 
an SPR sensor having two light transparent cores E7, 
two second converging lenses E53, an optical coupler 
E86, and light analyzing means E49. In this immu- 
noassay apparatus E1D, the two light sources E1 1 are 
switched to each other for performing an immunoassay 
using a corresponding one of the light-transparent 
cores. The light from the light source E11 enters the 
light analyzing means E49 through one of the interme- 
diate optical fibers E51c which are connected to the 
optical coupler E86. 

[0273] The immunoassay apparatus E1 D further com- 
prises two pin hole plates E52c and E52d, each having 
two pin holes corresponding to the light-transparent 
cores E7. 

[0274] Thus, when there are two sets of optical sys- 
tems are provided, the SPR sensor cell E3D need not 
b mov d. Th immunoassay apparatus E1D can b 
asily constituted and an immunoassay can be p r- 
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formed rapidly. 
[Embodiment 30] 

[0275] Fig. 80 shows a modifi d xampleofth immu- 5 
noassay apparatus shown in Fig. 78. In this modified 
example, there is provided an optical fiber E51b 
between the light source E11 and the SPR sensor cell 
E3E. 

10 

[Embodiment 31] 

[0276] Fig. 81 shows a modified example of the immu- 
noassay apparatus shown in Fig. 79. In this modified 
example, an optical fiber E51b is provided between the 15 
light source E11 and the SPR sensor cell E3F. 

[Embodiment 32) 

[0277] Fig. 82 shows an immunoassay apparatus 20 
identical to the immunoassay apparatus shown in Fig. 
78 except for that the SPR sensor cell is replaced by an 
SPR sensor E3G having eight light-transparent cores 
E7. This SPR sensor E3G is mounted on a predeter- 
mined pair of rails so that the SPR sensor E3G can 25 
move along the rails. The light source E11 emits light 
which is converged by the converging lens E53b and 
introduced into one of the light-transparent core of the 
SPR sensor cell E3G. The light coming out of the SPR 
sensor cell E3G passes through the converging lens 30 
E53 and the optical fiber E51 before entering the light 
analyzing means. 

[Embodiment 33] 

35 

[0278] Fig. 83 shows an immunoassay apparatus E1 H 
having a configuration identical to the immunoassay 
apparatus of Fig. 79 except for that eight sets of light 
sources E11 converging lenses E53b and E53, and 
optical fibers E51C are provided instead of two sets. At 40 
both sides of the SPR sensor cell E3H, there are pro- 
vided eight sets of pin hole plates E52a and E52b corre- 
sponding to the respective light sources E11 and the 
converging lenses E53 and E53b. The eight sets of pin 
hole plates E52a and E52b are fixed with respect to the as 
SPR sensor cell E3H. It should be noted that only one of 
the light sources E11 is turned on at a time. That is, 
immunoassay is performed by one of the cores E7. 

[Embodiment 34] 50 

[0279] Fig. 84 shows an immunoassay apparatus as 
a modified example of the immunoassay apparatus 
shown in Fig. 80. This modified example uses an SPR 
sensor cell E3I having eight cores E7. ss 



[Emb diment35] 

[0280] Fig. 85 shows an immunoassay apparatus E1J 
which is id ntical to the immunoassay apparatus of Fig. 
81 , except for that eight s ts of light sources E1 1 , con- 
verging lenses E53c, E53, and ight s ts of lightr-trans- 
parent cores E7. 

[Embodiment 36] 

[0281] Fig. 86 shows an immunoassay apparatus 
according to Embodiment 36. Fig. 86A is a plan view 
and Fig. 86B is a side view of the immunoassay appara- 
tus E1K. As shown here, the optical fibers E61b are 
fixed to a block member 65 having through holes as 
fiber fixing portions E67 corresponding to the respective 
optical axes of the cores. 

[0282] Each of the through holes may have a cylindri- 
cal member E68. 

[0283] Moreover, each of the optical fibers 61 b has an 
end portion covered by a ferrule E63 consisting of a 
cylindrical cap and a brim portion. The brim portion has 
a diameter slightly smaller than the inner diameter of the 
aforementioned cylindrical member E68. This ferrule 
E63 is inserted into the cylindrical member E68 
arranged inside the optical fiber fixing portion E67, so 
as to be fixed there. 

[0284] It should be noted that in Fig. 86, the cylindrical 
member E68 is mounted in the optical fiber fixing por- 
tion E67. The converging lens E53b and ferrule E63 are 
fixed in this cylindrical member E68. More specifically, 
the converging lens E53b is fixed in two V-shaped 
grooves formed on the cylindrical member E68. With 
this configuration, it is possible to remove the converg- 
ing lens E53b and the optical fiber E61b as a unitary 
block. 

[0285] Fig. 87A and Fig. 87B are enlarged view of the 
optical fiber fixing portion E67 using the cylindrical 
member E68. 

[0286] Fig. 87C and Fig. 87D shows a case not using 
the cylindrical member, i.e., ferrule E63 and the con- 
verging lens E53b are directly mounted in the optical 
fiber fixing portion E67b. In this case an upper and a 
lower V-shaped groove are formed on the optical fiber 
fixing portion E67b, for fixing the converging lens E53b. 
[0287] When the aforementioned block member E65 
and E65b is used, it is possible to reduce a distance 
between optical fibers in comparison to a case when 
using an optical connector of a large diameter. The 
block member E65 and E65b may be provided not only 
at the side of light source E1 1 but also at the light ana- 
lyzing means E49k. 

[Embodiment 37] 

[0288] Fig. 88 shows an immunoassay apparatus 
almost identical to th immunoassay of Embodiment 36, 
except for that the light s urce E1 1 (white LED or halo- 
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gen lamp) is fixed directly t the block m mber E65. 
Thiseliminat suseofth plurality of optical fib rs. 
[0289] As has been described abov , the pr sent 
invention provides various advantages. A thin m tal film 
for causing the surface plasmon resonance can b 5 
formed easily and an antibody (or antig n) can easily be 
fixed on this thin metal film. 

[0290] The SPR sensor cell according to the present 
invention comprises: a sheet-shaped core transmitting 
light from a light source, having an SPR sensing portion, 10 
and sandwiched between a first clad and a second clad 
which has a through hole at a position corresponding to 
the SPR sensing portion. Accordingly, the SPR sensor 
cell has various advantages in comparison to a case 
using a plurality of members for the core. For example, is 
the sheet-type core can be polished in one step, thus 
increasing the process efficiency. Moreover, there is no 
need of accurate attachment of a plurality of members 
to one another. This significantly reduces the SPR sen- 
sor cell production cost. Furthermore, this suppresses 20 
the irregularities between the respective SPR sensor 
ceil. 

[0291] Moreover, in this invention, the core is consti- 
tuted by one light-transparent material. Accordingly, the 
member costs less than a case using different materi- 25 
ais. Moreover, since the core members is made from 
one identical material, processing conditions (material 
hardness, fragility, surface smoothness) can also be set 
identically. 

[0292] The invention may be embodied in other spe- 30 
cific forms without departing from the spirit or essential 
characteristic thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indi- 
cated by the appended claims rather than by the forego- 35 
ing description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
[0293] The entire disclosure of Japanese Patent Appli- 
cation No. A1 0-205864 (Filed on July 6 th , 1998), Japa- 40 
nese Patent Application No. A1 1-32617 (Filed on 
February 10 th , 1999), Japanese Patent Application No. 
A11-129668 (Filed on May 11 th , 1999), Japanese Pat- 
ent Application No. A1 1-158962 (Filed on June 7 th , 
1999) and Japanese Patent Application No. A11- 45 
169479 (Filed on June 16 th , 1999) including specifica- 
tion, claims, drawings and summary are incorporated 
herein by reference in its entirety. 

Claims so 

1. An SPR (surface plasmon resonance) sensor ceil 
comprising: a light-transparent core; a clad cover- 
ing the core and having a through hole at a prede- 
termined position to communicate with the core; ss 
and a predetermined thin metal film formed on an 
exposed surface of th core corr sponding to th 
through hoi . 



2. An SPR sensor cell comprising an ptical 
waveguide including a plate-shaped first clad, a 
core provided on this first clad, and a second clad to 
cover the cor , 

wh rein a through hole is formed at a predeter- 
mined position of the second clad to communicate 
with the core; and wherein a predetermined thin 
metal film is formed on an exposed core surface 
corresponding to the through hole. 

3. An SPR sensor cell as claimed in one of Claim 1 
and Claim 2, wherein two or more than two of the 
cores are provided and the clad has two or more 
than two of the through holes formed corresponding 
to the cores. 

4. An SPR sensor cell as claimed in one of Claims 1 , 
2, and 3, wherein a light reflection surface is formed 
at one of the ends of the core in the longitudinal 
direction. 

5. An SPR sensor cell as claimed in one of Claims 1 , 
2, 3, and 4, wherein at least one of the end surfaces 
of the core is inclined with respect to the longitudi- 
nal direction of the core. 

6. An SPR sensor cell as claimed in one of Claims 1 , 
2, 3, 4, and 5, wherein a void is provided in the clad 
or dads in so as to communicates with the through 
hole. 

7. An SPR sensor cell as claimed in one of Claims 1, 
2, 3, 4, 5, and 6, wherein the two end surfaces of 
the core have different areas. 

8. An immunoassay apparatus comprising: 

a light source for emitting a predetermined 
light; 

an SPR sensor cell herein the SPR sensor 
including a core transparent to a light and a 
clad covering this core, into which the light from 
the light source is introduced so as to cause a 
surface plasmon resonance; and 
a spectrometer for analyzing a wavelength dis- 
tribution emitted from the SPR sensor cell, 
wherein a through hole is formed at a predeter- 
mined position of the clad so as to communi- 
cate with the through hole, and a 
predetermined thin metal film is formed at a 
predetermined position of the core surface, 
corresponding to the position of the through 
hole. 

9. An SPR sensor ceil comprising at least two cores, 
each having a surface area serving as an SPR 
s nsing portion; a clad to cover the cores; and a 
through hoi formed in th clad so as to communi- 
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cate simultaneously with the SPR sensing portions. 

10. An SPR sensor cell as claim d in Claim 9, wherein 
th SPR sensor portion is formed at least at two 
locations of ach of the cor s and a plurality of the 
through holes are provided, the through hoi s 
formed so as to simultaneously communicate with 
the SPR sensing portions. 

11. An SPR sensor as claimed in Claim 9, wherein 
each of the clads has end surfaces processed so as 
to eliminate incidence of light. 

12. An immunoassay apparatus comprising: 

an SPR sensor cell including at least two cores, 
each having a surface area serving as an SPR 
sensing portion; a clad to cover the cores; and 
a through hole formed in the clad so as to com- 
municate simultaneously with the SPR sensing 
portions; 

a light source for emitting light into the cores; 
and 

a spectrometer or photodiode for performing a 
wavelength distribution of the light emitted from 
the SPR sensor. 

13. An immunoassay apparatus as claimed in Claim 
12, wherein the SPR sensing portion is formed at 
least two locations of each of the cores; and a plu- 
rality of the through holes are arranged so that adja- 
cent through holes communicate simultaneously 
with adjacent SPR sensing portions. 

14. An immunoassay apparatus as claimed in Claim 
12, wherein the light source capable of emitting 
light simultaneously into at least two of the cores. 

15. An immunoassay apparatus as claimed in Claim 
12, wherein the light source emits light to each of 
the cores successively. 

16. An immunoassay apparatus as claimed in Claim 
12, wherein the light source is a white LED lamp or 
halogen lamp capable of emitting light of different 
wavelengths. 

17. An immunoassay apparatus as claimed in Claim 
12, wherein each of the clads of the SPR sensor 
cell has an end surface processed so as not to 
introduce light therein. 

18. An immunoassay apparatus comprising: 

an SPR sensor cell having an SPR sensing 
portion; 

a light source for emitting light of a pr deter- 
mined wav I ngth band into the SPR sensor 



cell; and 

a light analyzing means for analyzing light 
which has passed through the SPR sensor cell, 
wher in th light sourc is constitut d by a 
5 white LED lamp. 

19. An immunoassay apparatus as claimed in Claim 
18, wherein the light analyzing means is a spec- 
trometer. 

10 

20. An immunoassay apparatus as claimed in Claim 
18, wherein the light analyzing means is a photodi- 
ode. 

15 21. An immunoassay apparatus as claimed in Claim 
18, wherein the SPR sensor cell includes at least 
two cores and clads for coating the cores; and 
wherein an optical fiber is provided for introducing 
the light which has passed, into the light analyzing 

20 means; and wherein an optical coupler is provided 
for passing light from one of the cores, to the optical 
fiber. 

22. An immunoassay apparatus as claimed in Claim 
25 21, the apparatus further comprising a plurality of 

light sources corresponding to the respective cores, 
and the light sources are successively turned on 
one after another, so as to introduce light succes- 
sively to the respective cores. 

30 

23. An immunoassay apparatus as claimed in Claim 
18, wherein 

the SPR sensor cell includes at least two cores 
35 and clads to coat the cores, 

the light source is arranged in the vicinity of the 
SPR sensor cell, 

the light analyzing means is arranged to as to 
correspond to the light source, and 
40 the SPR sensor cell is arranged so as to be 

located at any position along the core arrange- 
ment direction. 

24. An immunoassay apparatus as claimed in Claim 
45 18, wherein one of the end surfaces of the SPR 

sensor ceil where the light is introduced is sub- 
jected to a surface processing to suppress introduc- 
tion of light, excluding the core end surfaces. 

so 25. An SPR sensor cell comprising: 

a core having a rectangular cross section for 
passing light from a predetermined light source 
and having an SPR sensing portion on one of 
55 the side surfaces of the core; and 

at least two clads covering the core excluding 

the SPR sensing portion; 

wherein the side surfaces of the core other 
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than the side surface having the SPR sensing 
portion and the side surface opposing to the 
side surfac having the SPR s nsing portion 
hav a low-reflection surface wh re the light 
refl cti n is lower d. 

26. An SPR sensor cell comprising: 

a core having a rectangular cross section for 

passing light from a predetermined light source 

and having an SPR sensing portion on one of 

the side surfaces of the core; and 

at least two dads covering the core excluding 

the SPR sensing portion; 

wherein the side surfaces of the dads facing 

the core have a low reflection ratio where the 

light reflection is low. 

27. An SPR sensor cell as claimed in one of Claim 25 
and Claim 26, wherein the low-reflection surface is 
an obscured glass. 

28. An SPR sensor cell as claimed in one of Claim 25 
and Claim 26, wherein the low-reflection surface is 
covered by a aluminum coating. 

29. An SPR sensor cell as claimed in one of Claim 25 
and Claim 26, wherein the low-reflection surface is 
painted with black paint. 

30. An SPR sensor cell as claimed in one of Claim 25 
and Claim 26, wherein the end surfaces excluding 
the end surface of the light coming side and end 
surface of the light going out are subjected to a sur- 
face treatment which makes it difficult to pass light. 

31. An immunoassay apparatus comprising: the SPR 
sensor cell disclosed in one of Claims 25 and 26; a 
light source for emitting a predetermined light into 
the core of the SPR sensor; and a light analyzing 
means for analyzing a wavelength distribution of 
the light which has passed through the core. 

32. An SPR sensor cell comprising: a sheet-shaped 
core transmitting light from a light source, having an 
SPR sensing portion, and sandwiched between a 
first clad and a second clad which has a through 
hole at a position corresponding to the SPR sens- 
ing portion. 

33. An SPR sensor cell as claimed in Claim 32, wherein 
the end surface of the core is subjected to surface 
treatment for making it difficult to pass the light from 
the light source (low light transmitting), excluding a 
core region corresponding to the SPR sensing por- 
tion. 

34. An SPR sensor cell as claimed in ne of Claim 32 



and Claim 33, wher in a plurality of the SPR sens- 
ing p rtions are provided in the core. 

35. An SPR s nsor cell as claimed in Claim 34, wherein 
5 the core is constituted by a plurality of light-trans- 
parent members having a r ctangular cross sedion 
and made from an identical material, and wherein 
light-transparent members having low light trans- 
mitting end surface and light-transparent members 

10 having no low light transmitting end surface are 
alternately arranged. 

36. An SPR sensor cell as claimed in Claim 35, wherein 
each of the light-transparent members having the 

15 low light transmitting end surface has side surfaces 
(i.e., side surfaces adjacent to the light-transparent 
members having no low light transmitting end sur- 
face) which side surfaces have been subjeded to a 
surface treatment so as to make it difficult to pass 

20 the light. 

37. An SPR sensor cell as claimed in Claim 35, wherein 
each of the light-transparent members having no 
low light transmitting end surface has side surfaces 

25 (i.e., side surfaces adjacent to the light-transparent 
members having the low light transmitting end sur- 
face) which side surfaces have been subjeded to a 
surface treatment so as to make it difficult to pass 
the light. 

30 

38. An immunoassay apparatus comprising: the SPR 
sensor cell described one of Claims 32 to 37; a light 
source for emitting light into the core of the SPR 
sensor cell; and a light analyzing means for analyz- 

35 ing a wavelength distribution of the light emitted 
from the SPR sensor cell. 

39. An immunoassay apparatus as claimed in Claim 
38, wherein at least one pin hole plate is provided in 

40 the vicinity of the SPR sensors cell, i.e., before the 
light enters the SPR sensor cell and/or after the 
light comes out of the SPR sensor. 

40. An immunoassay apparatus as claimed in Claim 
45 38, the apparatus further comprising: a predeter- 
mined block member in the vicinity of the SPR sen- 
sor ceil, i.e., before and/or after the light passes the 
SPR sensor cell; and an optical fiber for conneding 
the block member to the light source or to the light 

so analyzing member; 

wherein an optical fiber fixing portion is formed in 
the block member corresponding to the core of the 
SPR sensor cell, and the optical fiber has an end 
portion covered with a ferrule, and fixed into the 

55 optical fiber fixing portion. 



28 



EP0 971 226 A1 



FIG.l 



(A) 



(B) 



(C) 




(0) 



11- 



29 



EP 0 971 226 A1 




30 



EP 0 971 226 A1 



FIG. 3 

(A) 




5 



31 



EP0 971 226 A1 

FIG. 4 

(A) 



3 




32 



EP 0 971 226 A1 

FIG. 5 



3 




5 

FIG. 6 

3 




(B) 

Light Intensity 




33 



EP 0 971 226 A1 




34 



EP 0 971 226 A1 




35 



EP0 971 226 A1 




36 



EP 0 971 226 A1 




EP0 971 226 A1 



FIG. 12 




38 



EP 0 971 226 A1 



FIG. 13 




39 



EP 0 971 226 A1 



FIG. 14 




40 



EP0 971 226 A1 



FIG. 15 




9d 



» 

L 

(B) 

3d 




L 



41 



EP 0 971 226 A1 



FIG. 16 




42 



EP 0 971 226 A1 



FIG. 18 



3d 




Light Intensity 



x Y Wavelength 



43 




EP0 971 226 A1 



FIG, 20 




X Y Z Wavelength 



44 



EP0 971 226 A1 



FIG. 22 




(B) 




45 



EP 0 971 226 A1 




46 



EP 0 971 226 A1 




EP 0 971 226 A1 




49 



EP 0 971 226 A1 




51 



EP 0 971 226 A1 



FIG. 29 





52 



EP0 971 226 A1 




53 



EP 0 971 226 A1 



FIG. 31 
(A) 




EP 0 971 226 A1 





55 



EP0 971 226 A1 



FIG. 33 

(A) 




(B) 



13f2 14f2 




56 



EP 0 971 226 A1 




57 



EP 0 971 226 A1 




EP 0 971 226 A1 




59 



EP0 971 226 A1 




EP 0 971 226 A1 



FIG. 39 




61 



EP 0 971 226 A1 



FIG. 40 



(A) 



87 



(B) 




62 



EP 0 971 226 A1 



FIG. 41 

(A) 




63 



EP 0 971 226 A1 



FIG, 42 



(A) 



B14 



(B) 




64 



EP 0 971 226 A1 



FIG. 43 

B3b 




65 



EP 0 971 226 A1 



FIG. 44 





66 



EP 0 971 226 A1 



FIG. 45 




67 



EP 0 971 226 A1 



FIG. 46 

B3e 




68 



EP0 971 226 A1 




EP 0 971 226 A1 



CM 

CO 

« 



CO 

PQ 



CO 



X X 

A X x 
/ X X \ 



\ X \ 
/X X \ 



/ V V * x x 



CO 
CO 

« 



j V "» ^ * 

A X X X X 
\ \ \ v % 
X \ \ \ \ 
\ \ X % \ 



to 
CQ 



\X x x \ \ x 



' V V 

/x v \ 

.\~< \ \ \ 

s> » \ \ \ 

\ \ \ \ 



A" "A , 

/ V V \ 

/ /x x \ 

A-< \ \ \ 

O \ \ \ \ 



xx x % 



X < x x , 
/x \ \ 

» / X X X 

^X A \ \ v 
S> X \ X x 
\ \ N \ 



X^ \ 



X \ \ 
X N X 



r 4 V> \ 

X % / \ x 

x > x \ 

x X / \ X X 
xx\ \ \ % 
\ \ x \ \ \ 
X X X X X 
x x \ x \ 

r O*7\ \ \ ^ 
rs \ A \ \ 

V-V * x x 
X X T \ \ x * 
\ \ x X \ 
\ \ x \ \ 
X X \ % v 

0~A \ \ ' 
rs \ A \ \ 

, , \ \ \ 

x X \ \ \ \ 
X X \ \ \ 
X X \ \ \ 

.x,. x x \ x 

\ x / X X \ 
x > x X \ 
f\ X / x \ x 
X v' X X x 

-n — x x \ v 



PQ 



CO 

PQI 



, \ v x X 
xxx X X 
V V x , \ x 



x. x X 



CQ 



00 

m 



CQ 



00 

6 



C3 

ffl 



70 



EP0 971 226 A1 



FIG. 49 



CI 




X/2 

X 



71 



EP 0 971 226 A1 



FIG. 51 



(A) 





72 



EP0 971 226 A1 



T— I . 




in 
o 



m 



IS 3B cm cm cm cm cm cm cm 

0 -j— tp tja tp tp tjH tp tpa t$a 

3 — r ^<0 > ( G > < G > ( G > < G > < G > < G> c O > 



w \/ \/ \/ 




V / \ / 



» r • f • » 



CI 



u 



73 



EP0 971 226 A1 




EP 0 971 226 A1 





Tf TT TT TT TT Tf 



75 



EP 0 971 226 A1 



CO 

8 




g^gg ei ei eb eb ei 

CO / \ * \ I \ / \ t\ i\ i\ A 

v y v v \ 7 \j V7 T7 



8' 



■ ■••••■•i<t 



■ I** 



• • i i • « • » 
• tit 
» i i i 



lr> -V. -V, A/ V V V V 



8" 



C33I C3D CI C7]| C3B 
□3D rmi prrn rrnl rrnl 



C 33 C 30 

nil ens 




76 



EP 0 971 226 A1 



FIG. 56 




77 



EP 0 971 226 A1 



FIG. 57 




78 



EP 0 971 226 A1 



FIG. 58 




79 



EP0 971 226 A1 



FIG. 59 

D14 




80 



EP0 971 226 A1 



FIG. 60 




81 



EP 0 971 226 A1 



FIG. 61 




82 



EP 0 971 226 A1 



a- 



CO 

s 



a 

Q 




is 



X 



00 

a 



U5 

in 
Q 



i a i a 



i. \/ V v V \T \T 




83 



EP 0 971 226 A1 



FIG. 63 




84 



EP 0 971 226 A1 



FIG, 64 



D14 




85 



EP 0 971 226 A1 



FIG. 65 




86 



EP0971 226 A1 





88 



EP 0 971 226 A1 



FIG. 68 




89 



EP0 971 226 A1 




90 



EP 0 971 226 A1 




91 



EP 0 971 226 A1 



FIG, 71 




92 



EP 0 971 226 A1 



FIG. 7 2 

E13 




93 



EP 0 971 226 A1 

FIG. 73 




94 



EP0 971 226 A1 



FIG. 7 4 




95 



EP 0 971 226 A1 



FIG. 75 




96 



EP 0 971 226 A1 



FIG. 7 6 




97 



EP 0 971 226 A1 




98 



EP 0 971 226 A1 




99 



EP 0 971 226 A1 




100 



EP 0 971 226 A1 




101 



EP 0 971 226 A1 




EP 0 971 226 A1 



FIG. 82 




103 



1 



EP 0 971 226 A1 



FIG. 83 




104 



EP0 971 226 A1 



FIG. 84 




105 



EP 0 971 226 A1 



FIG. 85 




E51b 



106 



EP 0 971 226 A1 



CD 



0 0 0 0 0 0 0 0 



CO' 



n , . n . . n . , n . . n , , n . , n 



•uj ;u'; <ti 



CO 

U5* 

(X) 



I II 11 II I 



• ••lit 
I I » I I « 

• It I • I 

• ■ I II t 
I • • II I 



• * it 




CO 

w 



i • j i • • ; * • j j i i » j 
I • * I ! t • ! | • • J ; • i 



(J 1 ' Li 1 - U 1 - U 



• I'*!) 2'"! I : 

■ : : • • ■ : : < • : i s 

• ! • ! • I . ! • ! . • • 



CD 

w 



' U 1 tr u 




"it 



0 o 0 0 0 H d s 




ID 



107 



EP 0 971 226 A1 



FIG. 87 
(A) (B) 



E67 




108 



EP 0 971 226 A1 



►J 

s 



si J 



OS 



0 0 0 0 0 0 0 0 



a- 

(I) 



n . A A A A A A . n 



ji I; !; j » • j 

• * J • • • 1 • 

»u; jtj; jiJj 



i i i i i 




W W H H W H 



s 



00 




109 



EP 0 971 226 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 3070 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ol relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



WO 97 15820 A (UNIV WASHINGTON) 
Hay 1997 (1997-05-01) 

* page 20, line 1 - line 31 * 

* page 28, line 25 - page 29, line 28 * 

* page 33, line 4 - line 23 * 
figures 1,4 * 



US 5 647 030 A (J0R6ENS0N RALPH C ET AL) 
8 July 1997 (1997-07-08) 

* column 1, line 58 - column 2, line 5 * 

* column 6, line 44 - line 65 * 

* column 8, line 46 - line 59 * 

* column 10, line 45 - line 64 * 

* figures 2,3,11 * 



W0 97 15819 A (UNIV WASHINGTON) 
1 Hay 1997 (1997-05-01) 

* page 13, line 20 - page 14, line 12 * 

* page 25, line 20 - page 26, line 32 * 

* page 33, line 6 - line 19 * 

* figures 3A.11.14B * 



DE 196 11 025 A (INST CHEN0 UNO 

BI0SENS0RIK HUE) 

25 September 1997 (1997-09-25) 

* column 4, line 50 - line 68 * 

* column 7, line 51 - column 8, line 7 * 

* column 11, line 49 - line 52 * 

* column 12, line 17 - line 26 * 

* figures 1,2,20 * 

-/~ 



,2,4,8 



G01N21/55 



3,5,12 
16,18,19 

,4,8 



16,18,19 
3,5,12 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



G01N 



1,2.8, 
18,19 

1,3,4, 
12,20 



The present search report has been drawn up for all claims 



PtOSOfll MU0h 1 


Dde of GQfflptetefl Of Bit HMD 


Emniner | 


THE HAGUE | 


13 October 1999 


Krametz, E 


CATEGORY OF CITED OOCUMENTS 

X : partioJarty relevant 1 taken alone 

Y : particularly relevant K combined wth another 

document of the eame category 
A : technological background 
0 : non-wrttUn enclosure 
p : Intermediate document 


T : theory or principle underlying the Invention 
E : eerier patent document, but published on, or 

otter the fling date 
O : document cited In the application 
L : document cited for other reason* 


a : member of the same patent family, corresponding 
document 



110 



EP 0 971 226 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 11 3070 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION 0ntCL7) 



WO 98 21571 A (BINDER ANDRES ;CIBA GEIGY 
AG (CH); EHRAT MARKUS (CH); OR0SZLAN PET) 
22 May 1998 (1998-05-22) 

* page 10, paragraph 3 - page 11, 
paragraph 3 * 

* page 14, paragraph 8 - page 15, 
paragraph 4 * 

* figure 5A * 

US 5 313 264 A (SJOELANDER STEFAN ET AL) 
17 May 1994 (1994-05-17) 

* column 8, line 25 - line 44 * 

* column 9, line 64 - column 10, line 9 * 

* figures 1,4 * 



2,3,9,12 



1-3,8,9, 
18,20, 
21,23 



TECHNICAL FIELDS 
SEARCHED (1M.CL7) 



The present search report has been drawn up tor all claims 



PltWOfMMOh 

THE HAGUE 



Otto of oompMon of #w Muoh 

13 October 1999 



Examiner 

Krametz, E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant tf taken alono 

Y : parttcuUrty relevant 9 combined wth another 

document of the same category 
A : technological background 
O " non-written dfectoeuro 
P ; intermeolale document 



T : theory or principle underlying tho Invention 
E : earlier patent document, but pubUehedon, or 

after tha (fling date 
D * documont cited in tha application 
L : document cited for other reasons 



4: member of the 8 



» patent family, correapondlng 



111 



EP 0 971 226 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 11 3070 



This annex lists the patent family members relating to the patent documents cited h the above-mentioned European search reoort 
The members are as contained In the European Patent Office EDP file on curopean searcn report. 

Tho European Patent Office !c in no way "able for those particulars which are merely given for the purpose of information. 

13-10-1999 



Patent document 
cited in search report 



Publication 



Patent family 
members) 



rutntcaeon 



WO 9715820 



US 5647030 



01-05-1997 



AU 
US 



7526496 A 
5858799 A 



08-07-1997 



US 
US 
AT 
CA 
0E 
DE 
EP 
ES 
JP 
W0 



5359681 
5835645 
160871 
2153389 
69407161 
69407161 
0678194 
2114175 
8505475 
9416312 



WO 9715819 



01-05-1997 



AU 
AU 
WO 
US 
US 



7475996 A 
7598996 A 
9715821 A 
5822073 A 
5815278 A 



DE 19611025 A 



25-09-1997 



W0 9821571 



22-05-1998 



W0 
AU 



9735180 A 



5479998 A 



US 5313264 



17-05-1994 



SE 
AT 
AT 
DE 
DE 
DE 
DE 
EP 
EP 
JP 
JP 
SE 
WO 
WO 
US 



462408 B 
181423 T 
100197 T 
68912343 0 
68912343 T 
68929019 D 
$8929019 T 
0534941 A 
0442921 A 
4504765 T 
4501462 T 
8804075 A 
9005295 A 
9005317 A 
5164589 A 



15-05-1997 
12-01-1999 



25- 10-1994 

10- 11-1998 
15-12-1997 
21-07-1994 

15- 01-1998 

26- 03-1998 
25-10-1995 

16- 05-1998 

11- 06-1996 
21-07-1994 



15-05-1997 
15-05-1997 
01-05-1997 
13-10-1998 
29-09-1998 



25-09-1997 



03-06-1998 



18-06-1990 
15-07-1999 
15-01-1994 
24-02-1994 
05-05-1994 
22-07-1999 
07-10-1999 
07-04-1993 
28-08-1991 
20-08-1992 
12-03-1992 
10-11-1988 
17-05-1990 
17-05-1990 
17-11-1992 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



112 



